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ABSTRACT

Simulation for surgical education and training is increasingly perceived as a valuable
contribution to traditional teaching methods providing a structured learning experience.
Surgical simulations allow surgeons to practice tactics, techniques and procedures
numerous times without the cost, limitations and ethical problems of using cadaver-based
models.
The goal of this research is to advance the use of modeling and simulation in support
of emergency medical training. This research explores questions identified through a case
study of two different modeling and simulation techniques – virtual reality and mannequins
- in the support of combat emergency medical education and training. To reduce the scope
to a manageable dissertation, the research focuses on CricSim as representative form of
virtual reality simulation and HapMed as a form of mannequin simulation both with hapticenabled capabilities. To further narrow the scope, the research focuses on training of a
medical technique common to both simulation systems, which for this research was the
cricothyroidotomy airway management technique. The U.S. Army expressed interest in
training of combat medics in the cricothyroidotomy airway management technique and
offered to support experimentation with both facilities and trained combat medics as the
sample population.
An experiment supporting this research took place at Fort Indiantown Gap, a
National Guard Training Center located in Annville, Lebanon County, Pennsylvania and is the
iii

home of the Medical Battalion Training Site. An advanced airway management course is
augmented with combat medics receiving training and evaluation on performing the
cricothyroidotomy procedure using CricSim and HapMed with system experts provided by
each respective developer.
The NASA Task Load survey is used to collect participants’ assessment of workload in
terms of Mental Demand, Physical Demand, Temporal Demand, Level of Effort,
Performance and Level of Frustration based on four primary tasks of the cricothyroidotomy.
Additionally, the Technology Acceptance Model survey is used to provide insight into
participant’s assessment of usability. Professional trainers also provide their assessment of
the virtual simulators suitability in support of the combat medics in performing their tasks
based on their standards. The results of the participants’ assessment of each virtual
simulator take the form of a comparison study. To improve the advancement of medical
simulation in the training of cricothyroidotomy procedure, a summary of findings,
generalized conclusions, lessons learned and recommendations for future research are
illuminated. The dissertation team is comprised of medical experts within the U.S. Air Force
Education and Training Command, U.S. Army Research and Medical Command, and the
Uniformed Services University of the Health Sciences as well as simulation subject matter
experts from the University of Central Florida.
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CHAPTER ONE: TOPIC INTRODUCTION AND MOTIVATION FOR RESEARCH

Introduction
As indicated below, with the rising number of malpractice cases and costs passed on
to the patients and their insurance companies, other avenues to better prepare surgeons
demands exploration. Although exact estimates are difficult to find, it is not surprising that
an industry as stretched, complex, and burdened as the medical industry is fraught with
errors. Various studies have been performed about medical errors. According to the US
Department of Health & Human Services “as many as 98,000 patients die as the result of
medical errors in hospitals each year.” (http://www.ahrq.gov/qual/). The reduction of
medical human-error accidents should be a high priority in medical training. According to
Mercola, M.D. in an article titled “Surgical Mistakes in the U.S. on the Rise,” reports since
1998, the number of improper surgical operations performed on patients have increased
dramatically (Mercola, 2001). Additionally, he reports that 20% of the malpractice cases
were related to surgery. The US Department of Health & Human Services’ Agency for
Healthcare Research and Quality website (http://www.ahrq.gov/qual/advances) lists a
number of articles dealing with virtual simulation and medical training. In an article titled
“The Use of Surgical Simulators to Reduce Errors”, draws some parallels are drawn with
aviation training and NASA’s system of aviation error reporting (“the NASA report”).
According to Kohn, Corrigan, and Donaldson (2000) the health industry “is a decade or more
behind other high-risk industries in its attention to ensuring basic safety.”
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Results are summarized from various researchers stating that approximately 2.5
million deaths occur annually in the USA due to medical errors. Statistics and death rate
estimates are summarized below from various research reports:
- 42% of people believed they had personally experienced a medical mistake
(National Patient Safety Foundation at the AMA: Public Opinion of Patient Safety Issues,
Louis Harris & Associates, September 1997.)
- 44,000 to 98,000 deaths annually from medical errors (Institute of Medicine (IOM),
Kohn and Donaldson, 2000)
- 225,000 deaths annually from medical errors including 106,000 deaths due to
"non-error adverse events of medications" (Barbara Starfield, MD, 2000)
- 180,000 deaths annually from medication errors and adverse reactions (Holland,
PHARM, M.D.,and Degruy, M.D. , 1997)
- 20,000 annually to 88,000 deaths annually from nosocomial infections (Institute of
Medicine (IOM), Kohn and Donaldson, 2000)
- 2.9 to 3.7 percent of hospitalizations leading to adverse medication reactions
(Institute of Medicine (IOM), Kohn and Donaldson, 2000)
- 7,391 deaths resulted from medication errors (Institute of Medicine (IOM), Kohn
and Donaldson 2000). Various studies have been performed about medical errors.
In the past, medical schools have taken the traditional approach to training future
physicians. According to Zakaluzny, students are normally trained using the traditional
classroom instruction with text books, cadavers and volunteer patients (Zakaluzny, Scott,
2

Kaufmann, MD, Alan 2006). Students have limited time due to workload and residency
responsibilities and access to cadavers is limited. Cadavers are scarce and research
indicates that living tissue can have noticeably different haptic properties than cadaver
tissue (Higgins et al, 1997). Virtual reality medical simulators offer the potential to provide
a training environment for a novice doctor to practice skills without risking patient lives. It
is critical that these simulators are realistic and demonstrate that learning occurs with the
absence of negative training before they used in a medical training environment. In medical
training, learning is achieved with simulation with the correct modeling of anatomy and
physiology and the correct procedures and processes. It is further enhanced with the
opportunity for a novice to use the model repeatedly with feedback and without fear of
consequences if mistakes are made. Recently, the use of medical simulators is more
frequently due to availability, cost and advantages.
Shaprio and Silberg conclude that medical simulators enable the trainee to view
various organs from a wide range of angles and allow the students to easily travel from one
organ to another and from inside to outside of the same organ (Shapiro S. & Silberg M.
1999). Medical simulations have great advantages over the traditional textbooks. In
addition, unlike cadavers, medical simulators can be used unlimited times to perform
procedures and can be measured each time. Kania and Satava go on to say that ethical
issues are removed and there is not a problem with degradation over time (Kania 2005),
(Satava, RM 2005). Using a surgical simulator has the potential of increasing trainee
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confidence, competence, and improves patient safety. The Department of Defense views
these capabilities as critical to educating medical practitioners especially during war time.
Simulation plays a critical role in the education of our physicians today. Before
surgeon trainees operate on patients, it is desirable to practice basic surgical skills on
simulators to familiarize themselves with the real responses of the soft tissue encountered
in a surgical procedure. According to Zakaluzny, et al, using the traditional approach to
medical education, surgeons develops and acquires skills through the practice, and
techniques learned using animals, cadavers, volunteers and patients (Zakaluzny, Scott,
Kaufmann MD, Alan 2006). There are numerous disadvantages to this approach. According
to Zakaluzny, et al, animals have a different anatomy, cadavers cannot provide the
appropriate physiological response, and there is risk to patient safety while the caregiver is
learning. Recent advantages in technology open the door for other opportunities to better
train and educate medical professionals. To enable realistic simulation, it is necessary to
develop models based on realistic human anatomical and physiological responses.
Computer-based surgical simulations use virtual patients, which can generate realistic
anatomical and physiological responses.
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Motivation
There is a sense of urgency and motivation at this time in history to train the best
military force on medical techniques. The demands on the Department of Defense to train
medical professionals through continuation programs while at home station or deployed to
Iraq or Afghanistan are increasing. Due to the opportunity, new technology brings and
changes in the practice of modern medicine, traditional methods of teaching and evaluating
an emergency medical professional must be reevaluated.
Researchers expect more progress in providing haptic enabled simulations that are
properly modeled and contribute to true learning experiences. On February 4, 2009,
Representatives J. Randy Forbes, a Republican from Virginia and Patrick Kennedy, a
Democrat from Rhode Island reintroduced the Enhancing Simulation bill (H.R. 855). On
March 17, Senator Harkin introduced a companion bill, S. 616 in the Senate
(http://www.medsim.org). This legislation extends the benefits of advanced medical
simulation technology to the civilian health care system. According to this article, new
legislation will enhance the deployment of simulation technologies and the incorporation of
such technologies and equipment into medical and training. Many of the medical
simulation technologies take full advantages of virtual reality. It is becoming increasingly
critical in providing medical simulation capabilities for training and education of emergency
personnel. Haptic feedback is a vital component of virtual reality.
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Terms of Reference
To understand the use of modeling and simulation in medical education and
training, it is important to provide a foundation of terms. A model is defined as a physical,
mathematical, or otherwise logical representation of an entity, phenomenon, a system or a
process (DoD M & S Glossary, Jan 1998). A simulation is an actual model implemented over
a period by a designated by a system.
The types of simulations may be categorized as live, virtual or constructive. Live
simulation involves individuals or groups acting out a given scenario and may involve the
use of the actual equipment. A virtual simulation involves real people operating simulated
systems. Virtual simulations inject human-in-the-loop in a central role by exercising motor
control, decisions or communication skills. (DoD M&S Glossary, Jan 1998). Virtual
simulation offers great potential in its use in medical simulation for training. Constructive
simulations involve simulated people operating simulated systems. Real people stimulate
or provide inputs to such simulations and allow the system to run its course and determine
outcome based on the data and factors provided. Constructive simulations are excellent
tools for performing analysis, making measurements, and predictions (DoD M & S Glossary,
1998).
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Virtual Reality
To gain a full understanding of the role of simulation in emergency medical training
and operations, it is necessary to discuss Virtual Reality (VR) and its contribution. Virtual
reality is a capability comprised of various interactive computer simulations that sense the
participant’s position, location and actions and then in turn provides feedback to one or
more senses. Sherman et al conclude that this provides the participants with a feeling of
total mental immersion into the simulated environment (Sherman, William and Craig, Alan,
2006). Surgical simulations can provide both haptic and visual information, which allow
users to experience what a surgeon would see and feel with a live patient.
VR technology allows a user to interact with a computer-simulated environment, be
it a real or imagined one. Most current virtual reality environments are primarily visual
experiences, displayed either on a computer screen or through special or stereoscopic
displays, but some simulations include additional sensory information, such as sound
through speakers or headphones. Some advanced, haptic systems now include tactile
information, generally known as force feedback, in medical applications. Users can interact
with a virtual environment or a virtual artifact (VA) either through the use of standard input
devices such as a keyboard and mouse, or through multimodal devices such as a wired
glove, the Polhemus boom arm, and omnidirectional treadmill (Sherman, William and Craig,
Alan, 2006). The simulated environment can be similar to the real world, for example,
simulations for pilot or combat training, or it can differ significantly from reality, when you
view VR games that children use. Technology may limit a high-fidelity virtual reality
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experience, due largely to adequate processing power, image resolution and
communication bandwidth. However, due to advances in technology and reductions in
costs, those limitations are expected to eventually be overcome as processor, imaging and
data communication technologies become more powerful, cost-effective, and affordable
over time.
VR offers the representation of information in a three dimensional virtual world
providing medical students and practitioners with the tools for more accurate diagnosis and
planning of surgical procedures (Kania, K., 2005). VR simulators afford repetitive training
that allows students to practice complex procedures repeatedly. VR applications also allow
training for uncommon emergency scenarios that practitioners would otherwise encounter
for the first time without the experience necessary to guide them. Learning assessment can
also be strengthened by allowing users to compare their performance on VR simulators with
that of their peers (Kania, K., 2005). Figure 1 below shows a three-dimensional view of
internal organs as seen through a "synthetic pit" generated by a prototype augmentedreality system.
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Figure 1. Three Dimensional View
Source: University of North Carolina Department of Computer Science
http://www.sciencedaily.com/releases/2005/06/050627062144.htm
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Current Work - Categorized
Surgical simulations are developed for a broad range of procedures and applications.
Dr. Alan Liu of the National Capital Area Medical Simulation Center characterizes them into
three main categories. Three classes are explained by Alan et al: needled based, minimally
invasive and open surgery (Alan, Tendick, Cleary, & Kaufmann, 2003).

Needle-Based Procedures
Needle-based procedures use needles, catheters, guidewires and other small-bore
instruments. As an example, the Immersion Medical Cathsim Vascular Access Simulator is
developed to train nursing students in the proper technique for starting an intravenous line
(Alan, Tendick, Cleary, & Kaufmann, 2003). The system used a custom developed haptic
interface device to stimulate the needle and catheter. The device can report three degrees
of freedom (DOF) orientation data and provide one DOF haptic feedback along the direction
of needle insertion. A personal computer provided the control of the device and the realtime visual and haptic feedback was provided during the simulation.
Needle-based simulations generally have limited visual and haptic realism according
to Alan et al (Alan, Tendick, Cleary, & Kaufmann, 2003). Since they are relatively simple,
they are excellent at training widely performed procedures and are low cost.
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Simulations for Minimally Invasive Surgery
Simulators for minimally invasive surgery use specially designed instruments. The
instruments are introduced into the body via small incisions. Visual feedback is obtained via
inserted scopes, cameras, or fiber optic devices, and a video display monitor is used to show
the image. Because of the small entry port, these instruments have a limited range of
motion. The limited range of motion and haptic feedback, use of specialized tools, and
video displays facilitate simulator development. The LASSO project is an example of an
integrated effort to construct a laparoscopic simulation platform (Alan, Tendick, Cleary, &
Kaufmann, 2003). The abdominal cavity was modeled using data from the Visible Human
initiative. Organ surface features are generated using a combination of texture analysis and
synthesis, procedural texturing and L-systems methods for growing vascular networks. The
real-time deformation, haptic, and rendering performance is achieved using a 64-node
parallel processor.
Laparoscopic simulations are validated to improve performance in the operating
room (Alan, Tendick, Cleary, & Kaufmann, 2003). Despite recent advances, limitations still
exist. Surgical effects such as bleeding, tissue tearing have limited realism and according to
Alan et al, real time tissue and organ deformation are generally limited to specific organs or
simple structures such as arteries ducts, and other tubular structures (Alan, Tendick, Cleary,
& Kaufmann, 2003).
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Simulations for Open Surgery
Unlike other methods, open surgery requires larger incisions in the body. The
simulation provides direct visual and tactile contact with the area of interest. Due to the
larger area, the visual field, range of haptic feedback, and freedom of motion are
considerably larger compared to minimally invasive procedures. Early work by O’Toole,
Polayter, and Krummel (1999) included a simulator for vascular anastomies. This system
used an SGI Octane for visual rendering and a PC-based system generated haptic feed using
dual PHANTOM haptic devices. A dedicated 100 Mbps Ethernet connection provided
synchronization between the PC and SGI. This system measured the operator’s
performance and had the ability to distinguish between broad skill levels.
Significant advances exist in support of simulations for open surgery. More realistic
simulated open surgery requires considerable advances in haptics, real-time deformation,
organ and tissue modeling, and visual rendering (O’Toole, Polayter, and Krummel, 1999).

An Overview of Surgical Simulation Initiatives

Surgical Simulation in the use of Tissue Cutting
The Robotics Automation Manipulation and Sensing System (RAMS) Laboratory is
completing experimental work in the area of modeling the response of soft tissue during
cutting or probing. According to Chanthasopeehan et al, an understanding of this scientific
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problem supports the development of realistic surgical simulators for providing accurate
force feedback to the surgeon during surgical training for soft-tissue cutting and probing
procedures (Chanthasopeephan, Desai, and Lau, 2006). The areas of palpation skin incision
and biopsies are good examples. Before surgeon trainees actually operate on patients, it is
desirable to practice basic surgical skills on simulators to familiarize themselves with the
real responses of the soft tissue encountered in a surgical procedure.
During the experiment, a scalpel to cuts soft tissue with a sliding motion at
controlled cutting speed while monitoring the force and torque that the tissue exerted on
the blade during the cutting process. Figure 2 displays an experimental setup for measuring
the cutting forces and the depth of cut during liver cutting.

Figure 2. Experimental Setup
Source: http://rams.umd.edu/html/modeling.shtml
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Figure 3 below displays a typical force versus displacement profile during scalpel
cutting.

Figure 3. Force vs. Displacement
Source: http://rams.umd.edu/html/modeling.shtml

Combat Trauma Patient Simulator (CTPS)
The Department of Defense is taking great strides in the use of simulation for
education and training of the military personnel. The CTPS was developed to provide an
integrated medical simulation system for training, test and evaluation to realistically assess
the impact of battlefield casualties within DoD. According to J. Bala, MD. et al, (2003) some
of its capabilities include simulation and assessing injuries by time and category and
providing movement of casualties on the battlefield. It captures the time of patient
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diagnosis and treatment and compares intervention and outcome results at various levels
(Bala J.,Kincaid, J.P. & Kimrey S. 2003). It is essentially a full-scale capability composed of
military treatment processes from the time of incidence until the initial treatment at a
hospital. Proper human modeling was critical to the development of this capability.
Four simulation components comprise the CTPS. The Human Patient Simulator
(HPS) component is the instrumented human mannequin used to simulate the assortment
of medical conditions, and responds to medical treatments applied by a student. This
mannequin is realistically modeled to human physiology. It is important to note that the
CTPS replicates a variety of other military trauma situations from land mine injuries to
gunshot wounds (Bala J.,Kincaid, J.P. & Kimrey S. 2003).
The Institute for Simulation and Training (IST) developed a surgical simulation using
interactive technologies in support of training Army medical personnel before they
encounter conditions in the battlefield. Dr. Jaganathan Bala stressed that the combat
trauma simulator (CTS) and the HTPS includes physiological models based on scenarios such
as the amputation of a leg or the laceration of an artery accompanied by severe bleeding
(Bala Jaganathan, 2003).
Figure 4 below represents the components of CTS and is provided by the Program
Executive Office for Simulation Training and Instrumentation (PEO-STRI), the material
developer for these products.
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Figure 4. CTS Components
Source: Wheatley, 2007 (http://www.peostri.army.mil/PRODUCTS/CTPS/ctps2.jsp)

Simulation and Computer Assisted Surgery
With the use of modern technology and virtual reality applications, computer
assisted surgery (CAS) represents a surgical concept and set of methods, that use computer
technology for pre-surgical planning, and for guiding or performing surgical interventions.
CAS is also known as computer-aided surgery, computer assisted intervention, and image
guided surgery and surgical navigation.
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CAS led the development of robotic surgery. From 1989 to 2007, more than 200 CAS
systems were developed by different universities, research institutes and companies
throughout the world, most of them in United States, Europe and Japan. The first surgical
robot was called Aesop (Bale RJ, Melzer A. et al., 2006). The daVinci Surgical System was
developed by Intuitive Surgical, derived from the Stanford Research Institute, USA. In 1997,
it had received the FDA approval to assist the surgeon, and was the first Remote
manipulator to have the FDA approval to perform and was the first Remote manipulator to
have the FDA approval to perform stand-alone surgery, in 2000. It is referred to as a
telesurgical system, predominately used for laparoscopic abdominal surgery (Bale RJ,
Melzer A. et al., 2006).
CAS can offer various advantages to the medical professional. It provides a much
better visualization of the field of operation and allows for more precise preoperative
diagnostics and a better opportunity to lay out a well-defined surgical plan. All of this
occurs within the preoperative virtual environment. The surgeon can identify risk,
difficulties and create a plan to clearly optimize the surgical approach and decrease surgical
risks. During the operation, the computer guidance improves the geometrical accuracy of
the surgical gestures and reduces the redundancy of the surgeon’s acts. This significantly
improves ergonomics in the operating theatre, decreases the risk of surgical errors and
reduces the operating time (Bale RJ, Melzer A et al., 2006).
Computer aided surgery is one of the areas where virtual reality is becoming
increasingly popular (Satava, R. M. 2005). With the computing powers of modern
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computers becoming more advanced and less expensive, it is now possible to get
anatomically accurate and realistic virtual objects. In fact, according to Kania recently
advanced haptic interfaces are enabling the surgeon to get a real time sense of touch, which
means when surgical instruments contact 'virtual' tissue, the trainee or the surgeon will feel
as if touching a real thing (Kania, K., 2005). The instruments give the trainee a tactile forcefeedback in the hands mimicking how tissue and blood vessels feel and behave in real life.
Force-feedback systems are haptic interfaces that output force reflecting input force
and position information obtained from the participant (Kania, K., 2005). These devices
may come in the form of gloves, pens, joysticks, and exoskeletons. According to Kania, in
medical applications, it is vitally important that haptic devices address the entire spectrum
of textures—from rigid to elastic to fluid materials. It is also essential that force feedback
occur in real time to convey a sense of realism.
The most important and challenging aspect of CAS is creating an accurate model of
the patient. According to Mischowski, it has to be realistic (Mischkowski RA, Zinser MJ,
Ritter L, Neugebauer J, Keeve E, Zoeller JE, 2007). According to Mishkowski, et al this is
usually accomplished through a number of medical imaging technologies including CT, MRI,
X-Rays, Ultrasound and many more. For the generation of a model, the anatomical region
to be operated has to be scanned and uploaded into the computer system. The final
objective is the creation of a 3D dataset that reproduces the exact geometrical situation of
the normal and pathological tissues and structures of that region (Mischkowski RA, Zinser
MJ, Ritter L, Neugebauer J, Keeve E, Zoeller JE, 2007). Using specialized software, such as
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OsiriX, the gathered dataset can be rendered as a virtual 3D model of the patient. The
model is easily manipulated by a surgeon to provide views from any angle and at any depth
within the volume allowing the surgeon to better assess the case and establish a more
accurate diagnostic. Furthermore, the surgical intervention is planned and simulated
virtually, before actual surgery takes place. Using dedicated software, a surgical robot is
programmed to carry out the pre-planned actions during the actual surgical intervention,
(Bale RJ, Melzer A. et al, 2006).

Further Research and Innovations
Today, there are several experts within the educational and medical institutions that
are performing research to advance simulation technologies to support the training and
educational of medical professionals. The University of Maryland and the National Capital
Area Medical Simulation Center are taking leading roles.

The University of Maryland
A new Surgical Simulation and Technology Center at the University of Maryland
Medical Center, one of only a few hospital-based centers of its kind in the United States
opened in December 2006 (Seiler, Bill, Levitt, Beth, 2006). According to Seiler, the center
brings together a diverse group of experts to solve important challenges in surgery, such as
how to improve and expand minimally invasive surgical procedures that enhance patient
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care. The new surgical simulation center provides the surgeons with new tools to practice
and enhance their skills. Highlights of the center include life-like patient simulators for
surgical and resuscitation training, surgical imaging to enable surgeons to rehearse
operations and surgical tools to enhance judgment.

Life-Like Patient Simulators for Surgical and Resuscitation Training
Surgical residents use advanced, life-like simulators to learn and practice the
techniques of laparoscopic surgery. This equipment tracks each student’s progress in a
variety of tasks to show where improvement is needed. State-of-the-art computercontrolled mannequins to train civilian and military health care professionals in the
resuscitation and care of soldiers on the battlefield or civilians in a mass casualty incident
are also available.

Surgical Imaging to Enable Surgeons to “Rehearse” Operations
Scientists are looking at new ways to improve surgical accuracy with imaging display
technology. Some of this research involves 3-D imaging; some encompasses what is called
image registration—fusing or coupling images to make surgery more precise. The
technology will improve the surgeon’s ability to rehearse a procedure and understand the
unique aspects of the patient’s anatomy before the operation begins (Seiler, Bill, Levitt,
Beth, 2006).
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New Tools to Enhance Surgical Judgment
Specialists at the Surgical Simulation and Technology Center are developing an
unscripted, sophisticated, artificial intelligence program called the Maryland Virtual Patient.
The program is part of an effort to help new and experienced surgeons fine-tune their
surgical judgment to be best able to handle complex cases. It is referred to as the "cognitive
simulator" in an early phase of development, which, when fully designed, will incorporate
the full anatomy and physiology and show how an organ and cells respond (Seiler, Bill,
Levitt, Beth, 2006). The program will react to a course of action a physician decides to take.

The National Capital Area Medical Simulation Center
The National Capital Area Medical Center is a state-of-the-art medical education
facility at the Uniformed Services University of the Health Sciences (USUHS). It has three
functional areas: clinical examination rooms, computer labs and surgical simulation lab.
USUHS was granted permission from the American College of Surgeons to examine
the utility of using computer- based surgical simulations in teaching the Advanced Trauma
Life Support (ATLS) surgical skills practicum. The simulation lab consists of numerous
simulation technologies such as the pericardiocentesis simulation and the
Cricothyroidotomy simulator, both virtual-reality-based.
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Cricothyroidotomy Simulation
Cricothyroidotomy is an emergency procedure that is performed when the patient's
airway is blocked, and less invasive attempts to clear it have failed. Cricothyroidotomy
creates a surgical airway by making an incision in the cricothyroid membrane, then inserting
a tracheotomy tube through the incision and into the trachea (Sanders and Mosby, 2005).
The procedure was first described in 1805 by Vicq d'Azyr, a French surgeon and anatomist
(Sanders and Mosby, 2005). Cricothyroidotomy is a skill with relevance to both military and
civilian medical practitioners. Current training methodologies using animals, cadavers, and
mannequins have shortcomings.

Figure 5. Physical Diagram
Source: Mosby's Paramedic Textbook, Edition 3, Mick J. Sanders. 2005, St. Louis, MI: Elsevier Mosby.
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Cricothyroidotomy Prototype
According to Alan Lui, et al, traditionally Cricothyroidotomy has been taught using
animal models or human cadavers and is one of the skills routinely taught in the Advanced
Trauma Life Support Course for doctors (Bhasin Yogendra, Bowyer, Mike, Liu Alan, 2007). In
the past several years high fidelity human patient simulators (HPS) and trauma specific
mannequins have become available for teaching students to perform the procedure.
Methods for teaching Cricothyroidotomy that uses animal tracheas obtained from a meat
packing plant covered with the synthetic skins used with HPS trainers has also recently been
described. All of the methods described above have disadvantages. Animals do not have
the same anatomy and there are ethical concerns with their use. Cadavers replicate human
anatomy but can only be used once, do not bleed, and have fixed anatomy specific to that
cadaver (Bhasin Yogendra, Bowyer, Mike, Liu Alan, 2007). Mannequins and HPSs have
variable realism and fixed anatomy specific to the model. Given the fact that most
emergent airways are done in patients who have altered anatomy may not be the ideal
method for training and may provide negative training.
To address some of the limitations just described in currently available trainers,
USHS has developed a prototype haptic-enabled bimanual virtual reality simulator to teach
the Cricothyroidotomy procedure. It uses a hand-immersive platform with 3D graphics and
haptics (Bhasin Yogendra, Bowyer, Mike, Liu Alan, “Haptic-Enabled Simulator for
Cricothyroidotomy”, 2007). Using this system, medical practitioners can see and interact
with a virtual patient using the sense of touch. Touch is provided by two haptic devices, one
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per hand, to facilitate bimanual training. The hand-immersive platform helps preserve the
surgeon's hand-eye coordination, and is well suited for this application. The simulator
incorporates a virtual patient with a detailed model of the neck region. Different tissue
types are encoded with different stiffness properties. The students have the ability to
palpate the virtual patient and feel the thyroid and cricoid cartilage. The student can also
use virtual instruments such as a scalpel to make the incision, and intubate the patient with
a virtual tracheotomy tube. The instruments can be controlled with either hand, based on if
the student is right- or left-handed. Similar to a real patient, the virtual patient will bleed
when an incision is made, and the student can feel resistance similar to an actual
procedure, as surgical instruments are used. The position of view or orientation of the
patient can also be changed during the procedure with the haptic devices. Additionally, the
steps of the Cricothyroidotomy can be performed in sequence on the CricSim to include
Palpation, Incision Enlargement of Incision and placement of the tracheotomy tube.
Due to an emerging need to deploy thousands of service members to Iraq and
Afghanistan, medical teams, the prototype CricSim was deployed in Iraq and is used at Ft
Lewis Washington. Initial feedback suggests that the system can be useful for providing
field training and practice to incoming clinicians. According to Dr. Alan Lui of USUHS there is
so much more to be accomplished to expand this capability and integrate into an education
and training curriculum. When completed, the simulator will incorporate didactic content,
multiple patient types and scenarios, and a virtual model of human physiology to provide
trainees with a realistic environment for learning and practicing the procedure.
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The CricSim Platform
The CricSim hardware runs on a desktop PC with dual Intel Xeon 3.06 Ghz
processors, 2GB memory, and an nVidia Quadro FX 5500 graphics card. The software was
developed using Reach In API (Bhasin Yogendra, Bowyer, Mike, Liu Alan, 2007).
Trainees experiencing the system can see and feel virtual objects within the working
volume. A CRT monitor generates 3D frame-sequential images of the environment. The
trainee, wearing a pair of Crystal Eyes shutter glasses, perceives a 3D stereoscopic view of
the patient. Two Phantom Omni haptic interface devices provide the trainee with the
ability for bimanual interaction. The current system is capable of driving the visual display
at better than 30 frames/sec, while the haptic loop runs at 1KHz. Currently the system has
a single clinical case running in which the trainee is presented with a 3D graphical
representation of a human torso, head and neck in which there is a gunshot wound to the
neck and the need to perform a surgical airway (Bhasin Yogendra, Bowyer, Mike, Liu Alan,
“Haptic-Enabled Simulator for Cricothyroidotomy”, 2007).

Trauma Man System
There are other Cricothyroidotomy simulations on the market, but according to Dr.
Alan Lui of the Institute for Simulation and Training and the National Capital Area Medical
Simulation Center, none exactly like CricSim. The Trauma Man System is an anatomical
human body form designed for students to practice several advanced surgical procedures,
including Cricothyroidotomy, percutaneous tracheotomy, needle decompression, chest
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tube insertion, pericardiocentesis, diagnostic peritoneal lavage, and intravenous cutdown
(Simulab Corporation material, 2009). The Trauma Man System is comprised of simulated
human tissue structure made of an elastomeric composition designed specifically for
surgical dissection. Over 20,000 students have trained on this system with much success
(Simulab Corporation material, 2009). Trauma Man meets the needs of advanced trauma
surgical skills courses and now has been integrated into a wide variety of curriculum.

Further Research Recommendations
The Institute for Simulation and Training and the National Capital Area Medical
Simulation Center in support of Department of Defense with the U.S. Army taking the lead,
has requested further evaluation of the Cricothyroidotomy simulator for feedback on its
use and an integration of this capability into the education and training curriculum. It is
critical to have this capability for continuation training for medical practitioners prior and
during deployments. There is an increased demand due to current deployments of
emergency medical professionals to support the wars in Iraq and Afghanistan. Another
detailed survey on the current use of this product since some improvement to determine
how well it is meeting the military requirements for continuation training will be conducted
and findings reported. This work will be conducted with the coordination of MAJ Shad
Deering, MAJ Bradley Younggren at Ft Lewis Washington and the Institute for Simulation
and Training and the National Capital Area Medical Simulation Center. An investigation of
the training efficacy of the simulation device will be completed as well as a survey of how
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similar technologies were integrated into an existing curriculum and outcomes reported. A
framework for integrating advances simulation technology into existing curriculum will be
developed.
A recommendation through a detailed plan will be presented to demonstrate how
the integration of this capability may be incorporated into Department of Defense
education and training programs with identification of improvements. This will build a
business case for funding to implement proposed these changes.

Summary
Surgical simulation for medical education and training is increasingly perceived as a
valuable contribution to traditional teaching methods providing a structured learning
experience. Surgical simulations allow surgeons to practice tactics, techniques and
procedures numerous times without the cost, limitations and ethical problems of using
cadaver-based models. Today’s technology goes beyond education and training by
providing information and assistance to support actual surgical operations. Precision in
human modeling is critical to surgical simulation success. This chapter will address the use
of surgical simulation in training and educating medical professionals in performing surgical
techniques. A literature review is conducted and findings are reported pertaining to human
modeling for effective simulation, the use of simulation in education and training with an
introduction to Cricothyroidotomy simulation for further research in support of the
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Department of Defense continuation training for emergency medical professionals before
and during deployment overseas. How is simulation being used today to address training of
emergency medical personnel on critical procedures? What are the major factors that
contribute to the successful use of simulation in training medical personnel? What are the
challenges and shortfalls? What are the emerging simulation technologies for supporting
surgical procedures such as Cricothyroidotomy and what organizations are involved? These
represent a few questions that are answered in this chapter.
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CHAPTER TWO: TECHNICAL LITERATURE REVIEW

Applications of Haptic Technology in Surgical Training
The use of simulation technology for teaching and evaluating surgical skills gained
considerable attention in recent years. This is driven by the demand for quality care,
concerns over increasing operative complexity, and constraints on the use of animal
models, limited available patient material, and fiscal mandates for cost-effective
performance. Traditional models for training surgeons are yielding to techniques
dependent on electronic technology including virtual reality.
This chapter identifies various definitions for the term “haptic feedback” in
interactive virtual simulation, focuses on the application of haptic enabled simulation and
the need for accurate human modeling and correct anatomy and physiological processes.
The use of computer haptics in virtual reality systems is of primary focus with an emphasis
on minimally invasive surgical simulation. Furthermore, a literature review provides
findings from previous research in the modeling of anatomy and physiology, the use of
haptic feedback in surgical training and insight into potential criteria for success in applying
haptic devices for training surgical procedures. A literature review includes interviews with
professionals within the medical training communities, citations from MEDLINE, EMBASSE
and the Interservice/Industry, Training, Simulation and Education Conference (I/ITSEC)
research paper repository and other resources explored to report applications of haptic
enabled technology in support of surgical education and training as well as the latest
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findings. Finally, examples of survey instruments others applied, scales that others have
used to measure effectiveness, criteria for successful simulation, and for the case study of
interest to this research, some notional representations of potential survey instruments,
measure scales, and criteria are put forth for advancing the simulation of
Cricothyroidotomy.

Introduction
Haptics are essential for realistic training in medical surgical simulators (Batteau et
al, 2004). The use of haptic technologies is increasing today and supports various
applications in addressing surgical education and training needed to perform medical
procedures on animals as well as human beings. A good understanding of haptics and the
application of procedures in virtual simulation is crucial to the importance of addressing
proper modeling of anatomical and physiological processes. Furthermore, a good
understanding can facilitate tissue-modeling research (Batteau et al, 2004). More
importantly is the knowledge of research and findings gained in this area.
Researchers are studying the effects of haptic within the human operating in a
virtual environment, but demands are increasing. Burdea (Burdea et al 1995) studied the
effects of exerted force on a virtual object. Results revealed that direct haptic feedback was
superior to visual or auditory (Burdea et al 1995). Best results are achieved when both
haptic and auditory feedback occurs. Gerovichev, Marayong and Okamura conducted
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research in a needle insertion experiment. Participants practiced skin puncture using haptic
and visual cues provided by simulation. The results revealed that a real time image overlay
provided improvement over haptic force feedback alone (Gerovichev et al). Some research
reveals that haptics performance in the virtual environment improved, but it depends on
the context (Oakley et al, 2000, Brave Nass and Sirinian, 2001).
Even though there is an overall indication that haptics will improve human operation
in a virtual environment, it requires more work. Through research and experimentation,
much is accomplished in understanding the usability and effectiveness of haptic
technologies, but there is still much that requires exploration to improve realism,
performance and usability. Through exploration of previous research, deficiencies are
noted with recommendations of future work. This chapter introduces haptics, provides indepth review of previous research in the use of haptics in a virtual environment and
provides an introduction to surgical simulation and in particular the critical procedure of
Cricothyroidotomy.

Haptics Overview
According to Dr. Mandayam Srinivasan, director of the Laboratory for Human and
Machine Haptics: The Touch Lab, Massachusetts Institute of Technology, since the early
part of twentieth century, the term haptics has been used by psychologists for studies on
the active touch of real objects by humans. Dr. Srinivisan is an internationally known expert
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in haptics and performs extensive research in haptics and surgical simulation, brain-machine
interfaces, and human haptics including biomechanics of touch and tactile neurophysiology.
(http://www.washcas.org/Event%20Abstract/MandayamSrinivasan.htm).
To appreciate the value of haptic device, it is important to gain understanding and
explore applications of its use. In order to organize the rapidly increasing multidisciplinary
research literature, it is useful to define sub-areas of haptics. Srinivasan categories haptics
into three areas (Srinivasan, 2004):
1. Human haptics - the study of human sensing and manipulation through touch,
2. Machine haptics – the design, construction, and use of machines to replace or
augment human touch.
3. Computer haptics -algorithms and software associated with generating and
rendering the touch and feel of virtual objects are part of the design and development of
the machine for its intended purpose).
When anyone touches a real object directly or through a tool, there are applications of
forces to ones’ skin. The associated sensory information, mediated by sensors in the skin,
joints, tendons and muscles, is conveyed to the brain by the nervous system and leads to
haptic perception (Srinivasan, 2004). The brain begins to issue associated motor commands,
which in turn activates the muscles. This results in hand and arm motion that modifies the
touch sensory information. This continues to occur during both exploration and
manipulation of objects. In order to create the sensation of touching virtual objects, the
generation of the reaction force of objects is created and must be applied on the skin
32

(Srinivasan, 2004). Touching a real object through a tool is mimicked by the use of a force
reflecting haptic interface device. The position sensors on the computer are conveyed
when a human user manipulates the end-effector of the haptic interface device (Srinivasan,
2004). The models of objects in the computer then calculates in real-time the torque
commands to the actuators on the haptic interface, so that appropriate reaction forces are
applied on the user, leading to haptic perception of virtual objects (Srinivasan, 2004).

Figure 6. Human Machine
Source: Srinivasan, 2004 et al

In Figure 6 above, a human (left) senses and controls the position of the hand, while
a robot (right) exerts forces on the hand to simulate contact with a virtual object. Both
systems have sensors (nerve receptors, encoders), processors (brain, computer), and
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actuators (muscles, motors). Applications of this science and technology span a wide variety
of human activities such as education, training, art, commerce, and communication.
MIT’s research into human haptics has involved work on biomechanics of skin,
tactile euroscience, haptic and multimodal psychophysics, and computational theory of
haptics. Their research into machine haptics includes work on computer haptics -- which,
like computer graphics, involves the development of the algorithms and software needed to
implement haptic virtual environments -- as well as the development of haptic devices
(http://www.rle.mit.edu/media/pr147/39.pdf).

Human Haptics
The focus of this research addresses the three categories mentioned with a focus on
human and computer haptics. In order to develop haptic interfaces that are designed for
optimal interactions with the human user, it is necessary to understand the roles played by
the mechanical, sensory, motor and cognitive subsystems of the human haptic system.
Accuracy and precision is vital.
The mechanical structure of the human hand consists of an intricate arrangement of
nineteen bones connected by almost as many frictionless joints, and covered by soft tissues
and skin. The bones are attached to approximately forty intrinsic and extrinsic muscles
through numerous tendons, which serve to activate twenty-two degrees of freedom of the
hand (Srinivasan, 2004). The sensory system is comprised of large numbers of various
classes of receptors and nerve endings in the skin, joints, tendons, and muscles. The
34

appropriate mix of mechanical, thermal or chemical stimuli activate these receptors are
required for a causation effect of transmitting electrical impulses through the afferent
neural network to the central nervous system which in turn sends commands through the
efferent neurons to the muscles for desired motor action. All of these are key factors when
attempting to model and simulate the human body and processes to be performed on a
human body. Tasks or procedures performed requiring any degree of physical contact with
an object, be it for exploration or manipulation, the surface and volumetric physical
properties of the skin and subcutaneous tissues play important roles in its successful
performance (Srinivasan, 2004).

Haptic Devices
Researchers tend to separate current haptic devices into two categories: tactile and
force feedback (Massie and Salisbury, 1994). Tactile technologies such as those used in a
Braille device stimulate the skin to generate the sense of contact with an object. Force
feedback devices stimulate the kinaesthetic system, restricting the motion of users by
applying forces to the fingers, hand or body (Massie and Salisbury, 1994). An example of a
high-resolution force feedback device is the Phantom from SensAble Technologies (Massie
and Salisbury, 1994). Massie and Salisbury report that the Phantom allows a user to
interact with a virtual environment through a single point. This allows any user to move
freely in 6 degrees of freedom (X, Y, Z, roll, pitch, and yaw). The device can also provide 3
degrees of high-resolution force feedback to resist or assist motion in the X, Y and Z
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dimensions. By using the standard GHOST toolkit, geometric and VRML objects can be
incorporated into a Phantom environment to provide the touchable model. For each of
these models, stiffness, friction and damping properties can be adjusted to provide a variety
of different feels.
According to researchers, there are three necessary criteria for an effective
interface. They involve free space, the stiffness of objects and the saturation of virtual
objects (Massie and Salisbury, 1994). Independent psychophysical testing could establish
specifications for each of the three criteria; however available actuator, sensor, material
and computer technology will ultimately determine the degree to which each of the criteria
can be met. Furthermore, the three criteria must be considered jointly or simultaneously.
Adjustments and improvement in either specification will necessarily degrade the
specifications for the other two. According to Massie and Salisbury, The Phantom
represents an effort to balance these three criteria to achieve an optimum balance, an
effective, affordable, force-reflecting haptic interface with existing technologies. The three
necessary criteria for an effective interface are explained in further detailed below based on
the research of Massie and Salisbury (Massie and Salisbury, 1994).
1. Free space must feel free. Users must not be encumbered by the device and
users should be able to move freely through the virtual space for realism to exist. There
should be little back-drive friction, low inertia at the human machine interface and zero
unbalanced weight. For the Phantom, Massie and Salisbury arrived at values for each of the
attributes that were perceivable, yet not distracting (Massie and Salisbury, 1994). Static
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back-drive friction for the Phantom is less than 0.1 Newton (NT), inertia is such that the user
perceives no more than 100 grams of mass at the interface and unbalanced weight is less
than .2 Nt for all points within the workspace (Massie and Salisbury, 1994).
2. Solid virtual objects must feel stiff. A primary evaluation criterion of a forcereflecting interface is the maximum stiffness of the virtual surfaces that it is capable of
representing. Because no structure or control loop is perfectly stiff, each virtual object’s
compliance is not limited by the stiffness of the structure, but rather by the stiffness of
stable control that can be achieved (Massie and Salisbury, 1994). Using the current control
algorithm, the Phantom can reflect a maximum stiffness of about 35 Nt. Research indicates
that most users can be convinced that a virtual surface with a stiffness of at least 20
Nt/represents a solid, immovable wall (Massie and Salisbury, 1994). When examining the
stiffness, the maximum obtainable stiffness depends not only on the natural frequencies of
the device but also on the resolution of the sensors and actuators and the servo rate.
3. Virtual constraints must not be easily saturated. For realism in the virtual world,
walls should be solid. Trainees must believe that they cannot fall through the wall.
Research indicates that the maximum exertable force for the human finger is on the order
of 40Nt (Sutter, 1989), but during precise manipulation it was discovered that people rarely
exert more than 10Nt of force while the Phantom has a peak maximum of 35 Nt. According
to Massie and Salisbury, the time average force exerted during normal operations is about 1
Nt, while the maximum continuous force capability for the Phantom is about 1.5 Nt (Massie
and Salisbury, 1994).
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Massie and Salisbury further explain that the generation of haptic cues to create
virtual objects requires the ability to 1) track the motion of the user, 2) detect collision
between the user controlled probe and the virtual objects, 3) compute reaction forces in
response to contact and motion and, 4) exert forces on the user (Massie and Salisbury,
1994). These are all critical the development of virtual environments.
Forums for haptics research merged during the 20th century. The Symposium on
Haptic Interfaces for Virtual Environment and Teleoperator Systems, EuroHaptics and Word
Haptics are good examples. According to the IEEE Haptic Task Executive Committee, there
is tremendous opportunity to bring the multidisciplinary international haptics research
community together to debate challenges and opportunities in haptics research, and to
make concerted efforts towards experimental, theoretical, and algorithmic breakthroughs
in this growing field. The IEEE Transactions on Haptics addresses critical areas in science,
technology and applications associated with information acquisition and object
manipulation through touch. Below are some of their notable research areas of relevance.
(http://www.worldhaptics.org/ToH.htm):
- Human haptic and multi-sensory perception and action
- Haptic interactions via passive or active tools and machines
- Devices that sense, enable, or create haptic interactions locally or at a distance
- Haptic rendering and its association with graphic and auditory rendering in virtual
reality
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- Algorithms, controls, and dynamics of haptic devices, users, and interactions
between the two
- Human-machine performance and safety with haptic feedback
- Haptics in the context of human-computer interactions
- Systems and networks using haptic devices and interactions, including multi-modal
feedback
- Application of the above, for example in areas such as education, rehabilitation,
medicine, computer-aided design, skills training, computer games, driver controls,
simulation and visualization
– According to Dr. Alan Lui haptic feedback provides vital input to the surgeon
through palpation and resistance (Lui, 2006)
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Applications of Haptic Enable Technology

Haptics for Brain Surgery
The development of technology to address veterans returning from Iraq with
crushed skills is capturing the attention of many. There is a new technology installed at
Walter Reed Army Medical Center in Washington, D.C. to assist surgeons in precisely
designing replacement bones. Bob Steingart, the president of SensAble Technologies
explains that customers integrate haptic interfaces with 3-D mouse, motion trackers and 3D scanned images to build an immersive system (Caldwell-Stair, 2006). Haptics add the
dimension of feeling, referred to as “force feedback” because of the reverse push the
computer transmits to the user through a motorized hand device. “It’s not rocket science,
but we have people using it for rocket science—and for the brain surgery,” Steingart says.
It’s an uncanny realistic sensation. When people try it for the first tine their jaws drop.”
(Caldwell-Stair, 2006)
Using this tool, the medical implant designer has the illusion of working by hand to
shape clay into a cast of the patient’s skull, ear or severed limb. The designer is viewing 3-D
images of clay and body parts on a computer-aided-design screen. Through the
manipulation of a handheld haptic tool, the work displays on a monitor.
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Figure 7. Skull Simulator
Source: Caldwell-Stair, 2006

The significant reductions in costs are fueling the surge in medical haptics, according
to Mandayam Srinivasan, whose haptics patents are licensed to SensAble — and founder of
Cambridge haptics firm Yantric Inc. “Devices have matured, and as volume has gone up,
prices have come down. Ten years ago, a haptics device cost $10,000 to $20,000. Now
pretty good devices go for $2,000 to $3,000,” he says (Caldwell-Stair, 2006). Hapticfeedback is part of a virtual reality medical market that includes imaging, training
simulations and robotic surgery. (Caldwell-Stair, 2006)
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Haptic Enabled Technology Research in Prostate Treatments
According to Brooks and Hing (Brooks et al, 2005), there is a strong need to advance
or improve the tools clinicians such as radiology oncologists use for training in procedures
like prostate brachytherapy where the success rate is directly related to the clinician’s level
of experience. It is critical to have accurate and timely haptic feedback for developing
improved surgical simulators and trainers for such procedures.
In prostate brachytherapy, accurate needle placement and guidance of radioactive
seeds in the prostate is crucial to the success of the surgery and to the quality of life of the
patient (Brooks et al, 2005). A medical simulator for this and other types of needle insertion
tasks require an accurate reality-based quantification and model of the needle and soft
tissue interaction.

Methodology
Brooks et al performed an experiment utilizing the x-ray images produced by dual Carm fluoroscope setup during a needle insertion task to obtain parameters needed for
accurate modeling of soft tissue and needle interactions. There was no evidence of resharpening of the 18-guage seeding needles after each insertion, but it is logical to assume
there were new needles or re-sharpened needles after each task. They tracked the needle
and implanted markers in the tissue during insertions and withdrawal of the needle at
speeds of 1.016 mm//sec, 12.7mm/sec and 25.4mm/sec (Brooks et al, 2005). After each
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insertion, the needle was moved to a different position in the soft tissue to minimize the
chance of following a previous insertion path.

Task and Procedures
During the experiment both image and force data are critical in determining
important parameters such as the local effective modulus during puncture and the
approximate cutting force for soft tissue samples. A finite element model provides the data
to model needle puncture of tissue. Subtracting the insertion force from the friction force
accomplishes the appropriate cutting force. According to Brooks and Hing (Brooks et al,
2005), obtaining real world parameters for characterizing needle and tissue interaction is
the first step towards developing a model to provide accurate haptic feedback in a training
simulator for needle insertion tasks. The diagram below represents the experimental
model.
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Figure 8. Experimental Model – Dual C-Arm Fluoroscope
Source: Brooks et al, 2005

Figure 9. Experimental C-Arm Images
Source: Brooks et al, 2005
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Figure 10. Close-up of needle insertion apparatus
The following chart represents a summary of the trails.

Figure 11. 3D View of Needle Insertion and Bead Movement Data
Source: Brooks et al, 2005
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Table 1. 3D View of Needle Insertion and Bead Movement Data Analysis

Source: Brooks et al, 2005

Figure 12. Needle Force during Insertion and Withdrawal
Source: Brook et al, 2005

Conclusions
According to Brooks and Hing (Brooks et al, 2005), more work is required in the
future to more closely evaluate the deformation of the surface of the needle insertion point
as well as further analysis of the tissue interactions. The three dimensional movement of
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the implanted markers will be used to validate and modify the reality based finite element
which will eventually be used in the development of a reality-based simulator for training
radiation oncologists in prostate brachytherapy procedures.

Haptic Enabled Technology Research in Osteopathic Medicine
The successful integration of A ‘Virtual Haptic Back’ (VHB) occurred in the curriculum
for students at the Ohio University College of Osteopathic Medicine (Williams, et al, 2005).
Research indicates that VHB is a significant teaching aid in palpatory diagnosis providing
detection of medical problems via touch. The VHB simulates the contour and compliance
properties of human backs, which are palpated using two haptic interfaces-SensAble
Technologies, and Phantom 3.0. A student can explore a realistic virtual human back with
accurate graphical and haptic (force and touch feedback) representations. The product is
used for student practice and as a repeatable, objective evaluation tool to track student
progress. According to Ohio University, this is the only product in existence for training and
assessing students in palpatory diagnosis.
This is a multimodal VHB simulation combining high-fidelity computer graphics with
haptic feedback and aural feedback to augment training in palpatory diagnosis in
osteopathic medicine (Williams et al, 2005). Related training applications in physical
therapy, massage therapy, chiropractic therapy, and other tactile fields are possible
applications. A Phantom haptic interface provides position interactions by the trainee, with
accompanying force feedback to simulate the back of a live human subject in real-time. A
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major intention of this simulation is to add a measurable, repeatable component of science
to the art of palpatory diagnosis. According to Williams et al, based on documented
experiences in the lab to date, it is believed that haptics-augmented computer models have
great potential for improving training in the future, for various tactile applications (Williams
et al, 2005).

Experiment
The test of human subjects’ ability to distinguish small compliance differences in
adjacent regions occurred with the VHB. The representation of contours and compliance
properties of the backs occur graphically and haptically. Medical students practiced eight
times over two weeks on the VHB, finding regions of altered compliance, the locations of
which varied randomly.

Findings
Baseline compliance was 2.52 mm/N; compliance in the abnormal regions ranged
from 2.45 to 0.97 mm/N. Following the practice session the threshold of detection is 2.25
mm/N, an 11% difference from baseline (Howell et al, 2006).
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Figure 13. Student Practice Using VHB
Source: Williams et al, 2004

Figure 14. Student Practice Using VHB
Source: Williams et al, 2004
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Haptic Enabled Technology Research in Catheter Insertion
The Virginia Research Medical Center developed an experimental catheter insertion
simulator supporting head-tracked stereoscopic viewing of volumetric anatomic
reconstructions registered with direct haptic 3D interaction. The system takes as input data
acquired with standard medical imaging modalities and regards it as a visual and haptic
environment whose parameters are interactively defined using look-up tables. The
system’s display, positioned like a surgical table, provide a realistic impression of looking
down at the patient. Measuring head motion via a six degrees-of-freedom head tracker,
good positions to observe the anatomy and identify the catheter insertion point are quickly
established with simple head motion. By generating appropriate stereoscopic images and
co-registering physical and virtual spaces beforehand, volumes appear at fixed physical
positions and it is possible to control catheter insertion via direct interaction with a
Phantom haptic device. During the insertion procedure, the system provides perception of
the effort of penetration and deviation inside the traversed tissues. Semitransparent
volumetric rendering augment the sensory feedback with the visual indication of the
inserted catheter position inside.

Haptic Enabled Technology Research in Veterinarian Medical Training
The number of veterinary undergraduates is increasing and the opportunities to gain
sufficient farm animal experience to develop the required skills are becoming limited.
Welfare guidelines limit the number of examinations allowed per cow and this further
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reduces the opportunities for students to practice (Braille, et al 2005). Modeling and
simulation support to veterinarian medical training offers valuable lessons learned for
human modeling as well.

The Glasgow Horse Ovary Palpation Simulation Methodology
A successful study contributed to the understanding and use of haptic enabled
simulation to support the training of veterinary students. The first stage of the experiment
assessed the effectiveness of the Glasgow Horse Ovary Palpation Simulator for training
novice veterinary students.
The experiment measured the performance on the simulator of a group of
participants over multiple training sessions. The results show that over four training
sessions, participants improved in their accuracy in diagnosis on the simulator while
reducing the time required making the diagnosis (Crossan et al). The documented
experiences demonstrate as participants received more training on the simulator, their
performance in diagnosing the condition of the ovaries improved, while time taken to make
the diagnosis and overall workload for the task decreased. Future research is planned. The
next stage of the experiment will measure how closely these improvements translate to
improvement in performance in the real life ovary examination procedure (Crossan et al).
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Experimental Set-Up
Participants interacted with the HOPS environment using a Phantom 1.5 from
SensAble Technologies with the standard thimble attachment. A 700 MHz dual-processor
PC executed the simulation. Figure 16 shown below illustrates the set-up for the MultiSession VR Medical Training experiment. The participants wore headphones to mask noises
produced by the Phantom motors. Participants interacted through the Phantom. The
mouse assisted in starting and stopping examinations during ovary models and Phantom
interactions, without visual display to the user on-screens.

Figure 15. Experimental Set-Up
Source: Crossan et al, http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002-crossan.pdf
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Design and Training
Since the participants did not have previous exposure to the Phantom, they
completed an initial training session immediately before the first haptic training session.
This training stage provided a tool to familiarize users with interacting with a three
dimensional environment using the Phantom. They each received for five minutes with a
standard environment supplied by SensAble Technologies that allowed participants to
interact with moveable boxes.
Participants could both feel their interactions through the Phantom, and see their
interactions on the screen. The presentation of an environment containing a haptic only
representation of spheres to the participant occurs. In this condition, trainees could not see
the spheres or the Phantom cursor on the screen. Initially the size of the spheres varied.
Each participant answered questions pertaining to size of the left or right sphere (larger or
equal in size) using touch alone. A random selection of each of these cases provides
participants the ability to explore until they reach an appropriate level of performance.
There was no time limit for the exploration, but participants proceeded after answering five
cases correctly. A similar training session provided available for training in softness
discrimination using softness discrimination, and locating objects though touch alone. In
addition to the above training, users receive a visual and haptic representation of the HOPS
environment (shown in Figure 16) before each experimental session. The participants
explored the plain environment without surface features for five minutes.
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Figure 16. Haptics Representation – HOPS
Source: Cross et al, 2000, http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002-crossan.pdf

Procedures and Tasks
The HOPS environment consists of a left and right ovary. On the bottom half of the
left ovary, a spherical follicle can be seen. The user’s cursor displays as the sphere in the
center. All participants received the same thirty-two ovary cases over the four training
session, but in counterbalanced orders. There were four orders of presentation with two
participants. In one experimental session, participants received eight ovary cases. In
addition, in each experimental session, the total number of follicles in all cases remained
constant at seventeen. For each case, the experimenters told participants that there were
zero, one or more follicles present on either ovary. The case study allowed five minutes for
exploring environment while identifying all follicles. Identification involved positioning the
follicle on the left or right ovary, the front, back of the ovary, and top, or the bottom half of
the ovary. Once identified, participants responded to questions regarding the size of the
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follicle. Information provided identified the size of the follicles sized at either 2cm, 3cm or
3.5cm in diameter. Participants started and stopped each case using the mouse with time
measurements taken for each case. When each case exploration exceeded five minutes,
participants proceeded to the next case after notification. Timing information affected the
number of follicles found in a case. The presentation of equal numbers of cases of equal
complexity in each experimental session existed. Therefore, two one-follicle cases, three
two-follicle cases and three three-follicle cases existed in each session.
Participants completed a NASA TLX workload evaluation form after each
experimental session had ended (Crossan et al 2000). They finished four such experimental
sessions spaced a week apart. Participants did not receive a response to the correctness of
their answers at any time during the experiment. This was to ensure measured confidence
values were not affected by results and that all training was because of time spent using the
simulator.

Findings
Figure 17 illustrates the correctness data for positioning the follicles. GLM ANOVA
contributed to the analysis of the results. Increasing the number of training sessions was
found to have a significant effect when comparing mean accuracy in placing follicles on the
ovaries over the four training sessions (F=4.27, p<0.02) (Crossan, et al 2000). Post-hoc
analysis using Tukey tests show a significant difference in performance in session 1 and
session 3 (p<0.04) and session 1and session 4 (p<0.03) (Crossan et al, 2000). Although a
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slight performance increase seen in Figure 17 reflects that between sessions 3 and 4, this
difference is not significant.

Figure 17. Correctness data for positioning the follicles
Source: Crosson et al, 2000, (http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002crossan.pdf)

The experiment provides average number of correctly positioned follicles for all
participants over four training sessions. The graph above reflects the data from the
sessions. There were 17 follicles in each session. Similar analysis focused on follicles that
were correctly positioned and sized over the four training sessions. Figure 18 provides the
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results over four training sessions. GLM ANOVA analysis shows a significant performance
difference as training progresses (F=7.28, p<0.021). Post-hoc analysis using a Tukey test
revealed significant differences between performance in sessions 1 and 3 (p<0.003),
sessions 1 and 4 (p<0.02) and sessions 2 and 3 (p<0.04) (Crossan et al, 2000). Although a
slightly decrease in performance can be seen in Figure 19 between sessions 3 and 4, this
difference is not significant.
Figure 19 provides the average number of correctly positioned and sized follicles for
all participants over four training sessions with 17 follicles in each session. Figure 19
illustrates the results of the timing data. Once again, the GLM ANOVA test analyzes the
timing data. The results show a significant decrease in time taken to complete the task as
training progressed F=10.64,p<0.001). A post-hoc Tukey test revealed a significant decrease
in time taken for the task during sessions 1 and 2 (p<0.05), 1 and 3 (p<0.03), 1 and 4
(p<0.001), and 2 and 4 (p<0.05) (Crossan et al, 2000). Again, although time taken to
complete the task decreases between sessions 3 and 4, this difference is not significant
(Crossan et al, 2000).
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Figure 18. Average Number of Follicles Correctly Positioned and Sized Over Four Training
Sessions
Source: Crossan et al (http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002-crossan.pdf)
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Figure 19. Average Time Taken to Complete Task over Four Training Sessions
Source: Crossan et al (http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002-crossan.pdf)
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Figure 20. Mean Workload Values Measured over Four Training Sessions
Source: Crossan et al, 2000 (http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002crossan.pdf)

Bovine Rectal Palpation Simulator – Haptic Cow
Sarah Ballie, a veterinary surgeon and a researcher at The Royal Veterinary College,
and Virtalis, Europe’s leading Virtual Reality (VR) and Advanced Visualization Company,
teamed to create an innovative Haptic Cow, which allows veterinarian trainees to use a
virtual model instead of a real animal to practice pregnancy diagnosis to supplement
existing training methods. The procedure, known as bovine rectal palpation is a major
technique performed by veterinarians for pregnancy diagnosis, fertility assessment and as
part of a clinical examination to (Baille, et al 2005). According to Sarah Ballie, the procedure
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is difficult to learn and requires a great deal of practice to identify the structures palpated.
With the number of veterinary undergraduates increasing in recent years, the opportunities
to gain sufficient farm animal experience to develop the required skills are becoming
limited.
The bovine rectal palpation simulation is a virtual environment that simulates the
bovine reproductive tract, including models of the cervix, uterus and ovaries with a wide
range of fertility cases, pregnancies and some examples of pathology. The training makes
use of haptic (force feedback) technology and sessions can be fully customized to an
individual student’s learning needs and provides the trainee with the opportunity to
prepare for clinical placement with learning the basic skills before actually practicing on real
animals which are limited. Haptic force feedback technology has been used to create a
virtual bovine reproductive tract, positioned inside a seemingly empty fiberglass model of
the rear half of a cow.
The simulator allows the student to palpate the virtual objects while interacting with
a Phantom haptic device from Sensable Technologies (http://www.nottingham.ac.uk/vet).
Additionally, the instructor has the capability to follow along during the student’s training
directly and on the monitor to provide valuable instruction and feedback on performance.
Because the cow’s organs are visible on the computer monitor, the instructor can see
exactly what the student is doing and direct change movements if necessary. The Haptic
Cow has a range of conditions the students can learn about and these are replicated at the
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touch of a button, whereas a student’s contact with such a variety of cases in real animals is
much riskier (http://www.nottingham.ac.uk/vet).

Assessment of Performance of the Haptic Cow
Experimental Set-Up
Experiments involving veterinary trainees and the bovine rectal palpation simulation
to determine the effectiveness of the training. Selection of sixteen undergraduate students
from the University of Glasglow with no prior experience of performing the bovine rectal
palpation occurred through randomly selection. Two separate groups, A and B performed
the experiment. All students were in the third year of study and were ready to experience
their first assignment on a farm to exam cows with experienced veterinarians. All had
successfully completed the formal education and training sessions common to all
veterinarians programs comprised of preclinical course involving anatomy lectures and
laboratory practical sessions. One group of students went beyond the formal lectures and
laboratory experiments and trained using the bovine rectal palpation simulation. The group
with the simulation training was separated from the students without the experimentation
training.
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Procedures and Tasks
Each trainee had the opportunity to use the Haptic Cow. The experiment involved
the comparisons of a group of students with the simulation training a group without it.
Each group examined a cow, located and identified the uterus during a five- minute
examination. After the trail sessions, the use video-recorded images from an ultra sound
probe taped to the palm of the trainee’s hand assisted in the accuracy and verification of
their work.

Results
All of the students in the group with simulation experience located 18 times out of a
maximum of 32 the four cows examined compared to only one student in the group not
trained with the simulation. (Ballie et al, 2005). Ultra sound verified the results. Results
indicated that the students trained on the simulator were better prepared to perform the
procedure.
The students trained on simulator had learned the skills that enabled them to locate
the uterus of the cows with more accuracy, therefore demonstrating the validity of the
simulator as a teaching tool for one of the key components of bovine rectal palpation
(Ballie, et al, 2005). These results indicated that Group A was significantly better at finding
the uterus than Group B (p-value < 0.001). Table 2 below summarizes the results.
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Table 2. Bovine Rectal Palpation Experimental Data

Source: Crossan et al, 2000 (http://www.dcs.gla.ac.uk/~stephen/papers/HCI2002crossan.pdf)

Conclusions
The experiment indicates that the bovine simulator provides a complement to
existing training methods. The development of additional methods include a wide range of
fertility cases and some examples of pathology and the training sessions may be
customized to individual student’s learning needs. According to Baillie et al, the simulator
also has the potential to provide training for clinical scenarios in other species and further
developments planned (Baillie, et al, 2005).
Britain’s first new school of veterinary medicine for fifty years at Nottingham
University incorporated the haptic cow into the first year curriculum for students in 2007
(http://www.nottingham.ac.uk/vet). According to Jon Huxley, Associate Professor of Farm
Animal Medicine at The University of Nottingham, the use of this system “moves beyond
teaching spatial orientation to deliver transferable skills that can be applied in tasks other
than the rectal examination of cows.” (http://www.nottingham.ac.uk/vet).
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Figure 21. The Haptic Cow Simulation
Source: http://www.virtalis.com/content/view/326/447
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Haptic Technology Research in Diagnostic Peritoneal Lavage Training

Methodology
This study describes a comparison between an animal model and a haptic-enabled,
needle based, graphical user interface simulator (SimPL), for teaching Diagnostic Peritoneal
Lavage (DPL) . A DPL is necessary when intra-abdominal bleeding, referred to as
hemoperitoneum is highly suspected.
(http://en.wikipedia.org/wiki/Diagnostic_peritoneal_lavage). This requires the creation of a
vertical skin incision one third of the distance from the umbilicus to the symphisis pubis
after the application of anesthesia to a patient. The procedure involves the division of the
linea alba the entrance of the peritoneum to prevent bowel perforation
(http://en.wikipedia.org/wiki/Diagnostic_peritoneal_lavage). An insertion of a catheter
takes place towards the pelvis and aspiration of material attempted using a syringe. If no
blood is aspirated, a saline infusion takes places and after a few minutes, this is drained and
sent for analysis (http://en.wikipedia.org/wiki/Diagnostic_peritoneal_lavage).

Procedures and Tasks
The medical students had both the animal model and the SimPL for use in training
on the diagnostic peritoneal procedure. This experiment, involved forty novice medical
students divided into two groups and then trained to perform a DPL on either a pig or the
SimPL. All subjects completed a pre and post test of basic knowledge. Testing involved
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performing a DPL on a TraumaMan mannequin and evaluated by two trauma surgeons
blinded to group.

Findings and Conclusions
Based on the results of the research, the findings indicate significant improvement
over baseline knowledge in both groups but more so in the SimPL group (Bowyers, et al,
2005). The simulator group performed better on site selection (p<0.001) and technique
(p<0.002) than those who trained on a pig. The finding that a simulator is superior to an
animal model for teaching an important skill to medical students has profound implications
on future training and deserves further study (Bowyers et al, 2005).

Visual Force Feedback – Robot-Assisted Surgical Task Performance
John Hopkins University conducted research to evaluate the effects of visual force
feedback on a robot-assisted surgical task. The relevance of haptic feedback in robotassisted performances of surgical tasks can be considered controversial. John Hopkins
University studied the effects of visual force feedback, a haptic feedback surrogate, on tying
surgical knots with fine sutures similar to those used in cardiovascular surgery (Reiley et al,
2007).
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Methodology
The utilization of a modified da Vinci robotic system developed by Intuitive Surgical,
Inc. of Sunnyvale, California equipped with force-sensing instrument tips and real-time
visual force feedback overlays in the console image occurred. Ten surgeons each tied ten
knots with and ten knots without visual force feedback. Four surgeons trained significantly
on the da Vinci robotic system prior to the experiment and the remaining six surgeons did
not.
Recording of performance parameters, including suture breakage and secure knots,
peak and standard deviation of applied forces, and completion times using 5-0 silk sutures,
occurred. Chi-square and Student t test analyses determined the differences between
groups (Reiley et al, 2007).

Findings
When evaluating results among surgeon subjects with robotic experience, no
differences in measured performance parameters occurred between robot-assisted knot
ties executed with and without visual force feedback. For surgeons without robotic
experience, visual force feedback was associated with lower suture breakage rates, peak
applied forces, and standard deviations of applied forces (Reiley et al, 2007). Visual force
feedback capabilities did not make any differences in knot completion times or loose knots
for either surgeon group.
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Conclusions
Based on the results, it was concluded that visual force feedback reduced suture
breakage, lower forces, and decreased force inconsistencies among novice robotic
surgeons, although elapsed time and knot quality were unaffected. In contrast, visual force
feedback did not affect these metrics among surgeons experienced with the da Vinci
system. The results of this research suggest that visual force feedback primarily benefits
novice robot-assisted surgeons, with diminishing benefits among experienced surgeons
(Reiley et al, 2007). This research may be expanded by included more participants and tests
in the experiment to yield more realistic results.

Haptic Enabled Technology – Virtual-Reality Simulator for Ureteroscopy Training

Methodology
The traditional method of acquiring surgical skills is by apprenticeship and involves
an extensive period of training with patients. Model-based and virtual reality simulation is
gaining interest as alternative training, allowing repetitive practice in a low-risk
environment. The objective of this study was to determine if materials, model-based
training format and an interactive virtual-reality simulator could provide equivalent
teaching of basic ureteroscopy skills to the experienced medical student (Chico, et al 2006).
Ureteroscopy is an examination of the upper urinary tract, usually performed with an
endoscope that is passed through the urethra, bladder, and then directly into the ureter
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(http://en.wikipedia.org/wiki/Ureteroscopy). This is a common procedure and is usually
performed under general anesthetic and is useful in the diagnosis and the treatment of
disorders such as kidney stones (http://en.wikipedia.org/wiki/Ureteroscopy).

Procedures and Tasks
Sixteen first-year medical students received formal education containing the same
didactic session and video viewing on cystoscopy, guidewire access to the upper urinary
tract, and ureteroscopy with intracorporeal laser lithotripsy and stone extraction by the
same instructor. The establishment of control groups occurred by random selection
(Groups 1 and 2). Group 1’s training involved practice on the ureteroscopy training model
(TMU) from Limbs & Things and Group 2 on the Simbionix UROMentor virtual-reality
simulator (VRS).
Two months later, all participants independently performed an ureteroscopic
procedure on a pig kidney/ureter model and rated from 1 to 5 on their ability to complete
the steps of the procedure and the quality of their performance. This involved the handling
of tissue, efficiency, instrument handling, knowledge of instruments, flow of operation, use
of assistants, and knowledge of the specific procedure with a possible total of 35 points for
the procedure (Chico et al, 2006).
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Findings and Conclusion
The data revealed that all participants performed the steps of the procedure
correctly. The TMU group and the VRS group received a mean of 22.9 +/- 4.8 and 23.6 +/5.4 points, respectively (P = 0.38) for their qualitative assessment (Chico et al, 2006).
It was concluded that medical students' skills and ability to perform a basic
ureteroscopic stone-management procedure was independent of the training modality (VRS
or TMU) (Chico, et al, 2006). It was determined that incorporating either of these devices
into the preliminary training of urology residents may improve their initial clinical
performance of these skills.

Haptic Enabled Technology in Cricothyroidotomy - CricSim
Research involving the training of emergency medical personnel on the
Cricothyroidotomy procedure indicates that the procedure can be used to train adequately
and effectively on cadavers (Breitmer, D. et al, 2004) and recommends this inclusion into
the surgical training curriculum. One major roadblock is the fact that it is difficult to obtain
enough cadavers for the training and as mentioned in Chapter I, there are ethical issues
with the use of them. The U.S. Army Medical Command developed a virtual simulation for
training the Cricothyroidotomy procedure referred to as CricSim.
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System Characteristics
The CricSim operates on a desktop PC with dual Intel Xeon 3.06 Ghz processors, 2Gb
memory, and a Nvida Quadro FX 5500 graphics card (Bhasin, et al, 2007). Trainees using the
system can see and feel virtual objects within the working volume. A CRT monitor is
provided to generate 3D frame-sequential images of the environment. The simulator
requires Crystal Eyes shutter glasses, which provides a perceived 3D stereoscopic view of
the patient when worn. Two Phantom Omni haptic interface devices are used to provide
the trainee with the ability for bimanual interaction (Bhasin, et al, 2007). The current
system is capable of driving the visual display at better than 30 frames/sec, while the haptic
loop runs at 1KHz.
Currently, the CricSim has only a single clinical case running in which the trainee
receives a 3D graphical representation of a human torso, head and neck in which there is a
gunshot wound to the neck and the need to perform a surgical airway. The trainee is able
to proceed through all the steps of performing a Cricothyroidotomy bimanually in both a
practice and time limited testing mode.
The simulator can be executed in "Mentor" or "Test" modes. In "Mentor" mode, the
simulator guides the medical student or practitioner through the procedure using on-screen
instructions and immediate performance feedback (Bhasin Yogendra, Bowyer, Mike, Liu
Alan, 2007). This allows the user an ability to visualize some of the underlying neck
anatomy by toggling how the skin is displayed. The "Test" mode provides more flexibility.
The practitioner performs a Cricothyroidotomy with the lack of guidance or performance
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feedback until the end and time is limited to complete the procedure. A "time bar"
provides a feedback mechanism by displaying the time remaining to successfully complete
the procedure. Causing injury to the patient during the training is recorded with penalty.
The patient's state is deteriorated and the amount of time provided to perform the task is
reduced.
To date experiments have focused on realism and efficacy of the procedure using
the CricSim possessing the haptic technology. During an interview with Dr. Michael
Bowyers, he explained (September 2, 2009) that previous studies have not focused on
accurate modeling of anatomy and physiology with consideration to possible patient
obstructions. He also emphasized the need to focus on the use of technology in combat
environments to make the training environment more realistic to those performing
emergency procedures in real world operations.

Methodology
The evaluation of CricSim to test the usability of this high fidelity simulator in a far
forward training platform occurred in Iraq. The participants in this study were sixty-five
combat medics involved in a Combat Medic Advanced Skills Training (CMAST) class
conducted at and by the Jameson Combat Medic Training Center (JCMTC), Camp Anaconda,
Balad Air Base, in Iraq over a six month period. Training of test participants prior to the
CricSim evaluation included classroom instruction with the use of animal and mannequin
models. Only a small percentage of the test participants returning for continuation training
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actually performed a live Cricothyroidotomy. These medics served as primary responders to
battlefield casualties in the current war in Iraq (Bowyer et al, 2007).
An understanding of CMAST objectives and training to gain awareness of prior
training and experience of the combat medics is critical. It is required for those who have
little or no experience with conducting a Cricothyroidotomy on live patients. More
experienced combat medics will take the training as a refresher. CMAST takes the basic
knowledge and skills the soldier medic attained in the Emergency Medical Technician - Basic
(EMT-B) course and addresses the critical aspects of applying emergency medical care to
address casualties on the battlefield. The management of the airway is a major component
addressed. CMAST is considered phase two of the medic transition pathway and a part of
the standard training program for medical pre-deployment training. Prior to the CMAST,
each medic must hold the military occupation series (MOS) for the 68Ws, possess current
CPR certification for healthcare providers, possess current unrestricted National Registry of
Emergency Medical Technicians (NREMT) basic certification or have recently completed an
approved EMT-B course and pending NREMT results which all include airway management
training. Since NREMT-B is the basic level of certification t, NREMT does not legally allow
someone to practice as an EMT, but rather certifies that an EMT meets NREMT's specific
skill and competency requirements for certification. The NREMT works closely with state
licensing agencies to create and maintain a level of standards.
The CMAST lesson plan for teaching advanced airway techniques is provided below.
It includes the following lesson and utilizes an airway mannequin:
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Lesson 3: Advanced Airway Techniques
Didactic Lab
Hours 1.0 2.0
Action Text: Provide basic and advanced airway management to open and maintain
a patent airway
Condition: Given a scenario involving a patient requiring airway management and a
medical aid bag stocked with a basic load
Standard: Perform all measures IAW the concepts and principles of Tactical Combat
Casualty Care and the Combat Medic Advanced Skills Training (CMAST) program.

This lesson is designed to provide an overview of the principles and techniques of
managing the airway of an unconscious casualty on the battlefield. A brief review of airway
anatomy and physiology, a discussion of basic and advanced airway management, the
management of airway obstruction and manual methods to establish an airway are
included.
During the practical exercise, the student will practice basic and advanced airway
management techniques such as inserting nasopharyngeal and oropharyngeal airways,
inserting a combitube and performing an emergency surgical Cricothyroidotomy.

Procedures and Tasks
The CricSim resided in a hospital emergency room and was used as an adjunct to the
standard airway skills previously described taught in the CMAST class (Bowyer et al, 2007).
Typically, an airway mannequin is used in this class.
Each student received multiple opportunities to practice Cricothyroidotomy on the
CricSim and then self-test in limited testing modes prior to the experiment. After using the
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simulator during the experiment, each student completed a questionnaire to document
their experience in realism and ease of use of the simulator using a 5 point likert scale of 1
to 5 with 5 being the highest.
The trainees documented their perceived level of comfort to perform a
Cricothyroidotomy prior to and after using the simulator. The participants also documented
their level of experience with performing Cricothyroidotomy on human patients and if they
believed, the CricSim better prepared them in the form of a yes or no question.

Findings
The majority of the participants (62/65) did not have experience prior to performing
a Cricothyroidotomy on a live patient. According to Dr. Alan Liu, most received training on
the airway mannequin and animal models. When asked to rate the simulator the trainees
rated it very highly on realism (4.32 + 0.71), and only moderately on its ease of use (3.4 +
1.3) (Bowyer, et al 2007). The student’s sense of realism was based only on their experience
with classroom training with animal models and mannequins since very few had experience
of live patient training. The majority of comments regarding usability had to do with the
user interface for moving to the next step of the procedure, which was not considered
intuitive by many users. The trainees were asked to rate their self-perceived comfort level
with performing a Cricothyroidotomy prior to and after training/practicing on the CricSim.
This self-perceived comfort level improved dramatically from a baseline of 2.51 +/- 1.3 to
4.0 +/- 0.88 (p< 5.6 x10¯17 by student t-test) (Bowyer, et al 2007). Upon completion of the
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training, 50/65 (77%) of the medics felt that they were better prepared to perform a
Cricothyroidotomy on a real patient when placed in a situation to perform based on their
own perceived confidence level.
There was no further analysis on the profile of the medics who had experience on a
live patient. In addition, there was no further analysis on the profile of the medics who
answered, “No,” or “Yes” to better preparation after using CricSim.

Figure 22. Student Training on CricSim
Source: Bowyer et al, 2007

During the experiment, the students focused on the screen at eye point while the
hands were controlling the instrument on the desk. The participants were not asked about
the separation of hand movement and eye point. In the real world, the medic eye point and
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hand movement would be in the same focusing on the patient’s throat. According to Dr.
Alan Liu, there were not any comments raised by the students or instructors regarding
inconsistency during the experiment or the use of it today at Ft. Lewis.

Conclusions
In an ideal world, all medics deploying to Iraq would be fully trained to perform the
Cricothyroidotomy procedure as well as other procedures critical to the care of an injured
soldier. According to Bowyer, this is not always the case, and many medics are deployed
who have had little to no training on the proper performance of a surgical airway.
Additionally, even those who have been trained, usually have never seen nor performed an
actual procedure and there are limited opportunities to practice or refresh this skill,
especially when deployed. When medics deploy overseas, many have never performed a
Cricothyroidotomy on a live patient and have very little practice on the procedure. This is
the case with the experiment in Iraq with the exception of three medics.
The CricSim, when properly utilized, is one of the few systems that have been shown
to make a major impact in the initial treatment of an individual injured on the battlefield
(Bowyer, et al 2007). This low-frequency, high-stakes procedure must often be performed
under austere conditions without additional physician assistance. As such, it makes great
sense to provide high fidelity training of this procedure both initially and repetitively for skill
sustainment. The study addressed the use of this tool in a far forward location. According
to Dr. Bowyer and his team (Bowyer, et al 2007), the simulator performed well in the harsh
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environment of Iraq and was well received by the practitioners. The trainees found the
CricSim to be realistic and more importantly identified flaws in the usability of the system,
which will allow the development team to refine the training platform.

CricSim Comparison to Live Tissue Training
Methodology
The CricSim was also used to evaluate the effectiveness of using a 3-dimensional
computer simulator to teach a surgical airway technique to emergency medicine and
general surgery residents and the role it can play with increasing performance and or
confidence in Cricothyroidotomy when using live tissues. It was hypothesized that using
this device prior to training on a live animal model would increase trainees comfort level
while performing subsequent live tissue training.
A convenient sample of twelve residents at a three year academic emergency
medicine residency program, representing all three years of training located at Fort Lewis,
WA anonymously evaluated the simulated Cricothyroidotomy experience via multiple
closed-ended questions using a five-point Likert scale (Younggren, Bradley, 2009). These
residents routinely utilize the porcine model to gain procedural competence in
Cricothyroidotomy. At the time, it was unclear what level of fidelity these types of devices
provide compared to traditional training methods.
The residents were allowed the opportunity to use the CricSim during a usual
educational day that focuses on developing procedural and situational competence using
79

both live porcine animal models and mannequin high-fidelity patient simulators. The
CricSim computer recorded a variety of data to include the time it takes to make the
incision, the depth of incision, and the time to correct tube insertion as examples. Similar
data points were recorded in the live tissue lab to provide comparison points.
All residents responded to an anonymous survey exploring how they felt about the
virtual Cricothyroidotomy experience. The survey contained questions primarily regarding
the perceived quality of both the fidelity of the trainer as well as the educational value of
the experience compared to the more familiar animal and mannequin training experiences.

Results
Data results were compared from residents who used the simulator first before live
tissue training against a second group who used the simulator after the tissue model.
According to Younggren, initial data shows a trend towards decreased time in identifying
landmarks and time for the initial incision. The questions were answered anonymously and
revealed the majority of residents did feel that the virtual reality trainer helped them learn
the steps of the procedure and that the training was a useful precursor to the animal model
(Younggren, Bradley, 2009).

Conclusions
Using the virtual Cricothyroidotomy simulator prior to live tissue training shows a
trend toward decreasing the initial amount of time to begin the procedure as well as
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increasing medical providers’ general comfort level (Younggren, Bradley, 2009). According
to Younggren, from a more practical standpoint, the virtual reality trainer supplements
animal tissue training, but does not seem to have the fidelity of experience to replace it.
More data needs to be gathered prior to making an accurate assessment on how a virtual
Cricothyroidotomy simulator can be effectively integrated into graduate medical education
or continuation training. Table 3 below displays the survey results.
Table 3. Survey Results

Source: Younggren, Bradley, 2009
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Cricothyroidotomy Performance on Mannequin versus Mannequin in a Simulated
Environment

Methodology
A comparison of Cricothyroidotomy performed on a SimMan mannequin by Laedal
Medical, of Kent, United Kingdom vs. a mannequin within a simulated environment referred
to as a simulator conducted by Suri, Hillermann and Medona (Suri et al 2007). A random
cross-over study was implemented. A crossover study is a longitudinal study in which
subjects receive a sequence of different treatments or exposures. While crossover studies
can be observational studies, many important crossover studies are controlled experiments,
which was the case within the Suri research. Crossover designs are common for
experiments in many scientific disciplines, such as health-care, especially medicine.
Randomized, controlled, crossover experiments are especially important in health-care. In a
randomized clinical trial, the subjects are randomly assigned to different arms of the study,
which receive different treatments. When the randomized clinical trial is a repeated
measures design, the same measures are collected multiple times for each subject. This is
the case with the Suri case with the participation and order being randomly controlled. In
this study, the order was randomly allocated using sealed opaque numbered envelopes,
such that 50% of the participants performed the procedure first on the mannequin in a
traditional classroom setting and 50% first on the simulator. It is important for crossover
designs to have "balance", which means that all subjects should have the same exposure.
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A series of Cricothyroidotomy training sessions were provided to anesthetists within
the Department of Anathesia, University Hospitals Coventry and Warwickshire, Coventry,
UK prior to the experiment. Each session was comprised of a lecture and discussion
relevant to anatomy, techniques of Cricothyroidotomy, current guidelines for managing a
“can’t intubate can’t ventilate’ scenario. This session followed a video demonstration of the
Cricothyroidotomy technique using a 13-G jet ventilator catheter. Once the anesthetist was
familiar with the technique and equipment, he or she was then asked to perform the
surgical procedure twice on a mannequin and once on a simulator. Once participants had
performed one Cricothyroidotomy, they moved onto the second with very little delay and
both happened immediately after the training session (Suri et al, 2007). For the mannequin
part of the study, the students used the training mannequin referred to as SimMan by
Laerdal Medical in a typical classroom setting to perform the Cricothyroidotomy. An airway
trolley was available, which included the 13-G ventilation catheter and an injector.
For the simulation, the anesthetist experienced a programmed standardized
emergency ‘can’t intubate can’t ventilate scenario on the same mannequin, but in the
context of a medium fidelity simulator. The simulator was established in a mock operating
room environment with a department practitioner assisting the anesthetist. To achieve a
more realistic environment, all standard monitoring including non-invasive blood pressure,
electrocardiography, pulse oximetry, and end-expired carbon dioxide partial pressure was
displayed. The pulse oximeter alarm was set at high volume with a characteristic tone
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activated at SpO2 < 95% (Suri et al 2007). The participants were asked to perform a rapid
sequence induction on a healthy patient presenting for appendicectomy.
Soon after induction, the ‘can’t intubate can’t ventilate’ situation was initiated by
instituting pharyngeal oedema, laryngospasm and restricted neck extension on the
simulator, and a standard decline in oxygen saturation was programmed. At the time of
insertion of the cricothyroid cannula, laryngospasm was reset to allow ventilation of the
lungs to achieve a more realistic environment. When participants performed the
Cricothyroidotomy with the SimMan mannequin alone, this same environment was not
provided. The time to perform the Cricothyroidotomy from when the participant started
neck palpation to the first chest inflation and the success of the procedure were noted. The
mannequin’s puncturable cricothyroid membrane was replaced after each participant had
performed the procedure. The ‘skin’ of the neck was moved around after each attempt, and
completely replaced after 8–10 attempts.
Seventy anesthetists of varied experience participated in the study. Forty-two had
previous training in Cricothyroidotomy and two had experience of emergency
Cricothyroidotomy on patients (Table 4). There was an 89% (62⁄70) success rate for correct
placement of the cricothyroid cannula in both them anikin and the simulator. Most
anesthetists took longer to perform Cricothyroidotomy on the simulator than on the
mannequin (54 ⁄ 70; 77%), with mean times longer in the simulator setting (Table 4).
Table 4 below represents the previous experience of 70 anesthetists performing
Cricothyroidotomy on a mannequin and simulator. Values are number in proportion.
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Table 4. Survey Results

Table 5. Time and failure rate of test participants by test vehicle

Source: SimMan vs. Simulated Environment with Mannequin, Suri et al (2007)

Table 5 represents the time taken to perform Cricothyroidotomy and failure rate in
70 anesthetists performing the procedure on a mannequin and a simulator. Values are
mean (SD) or number (proportion). The same test participants experienced the mannequin
and the simulated environment.
Table 6 represents the time to perform the Cricothyroidotomy against 70
anesthetists performing the procedure on a mannequin and simulator. Values are
mean (SD).
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Table 6. Time to Perform Procedure with Experience Participants Comparison

Source: Suri et al 2007

Table 6 further illustrates that the Cricothyroidotomy times on mannequin and
simulator differ significantly according to the anesthetic experience. Anesthetists with
more experience performed the procedure more quickly on both mannequin and simulator.
However, previous Cricothyroidotomy experience in itself did not affect the time taken to
perform Cricothyroidotomy.

Findings and Conclusions
Fifty-four (77%) anesthetists took longer on the simulator, with the mean (SD) time
taken to perform the procedure on the mannequin and mannequin within simulated
environment 34 (18) and 48 (11) s, respectively (p < 0.001) (Suri et al). The main finding is
that performing the needed Cricothyroidotomy using a 13-G jet ventilation catheter takes
longer in a mannequin within a simulated environment setting than on a mannequin
without the simulation. The researcher suggests that the most likely reason is the added
psychological stress provided by the realism of the simulator as other variables such as the
mannequin and equipment were standardized (Suri et al, 2007). Furthermore, training in a
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simulated operating environment with the proper attire, background noise of monitoring
and, alarms is more realistic. The research suggests that the environment and the desire to
perform the technique as quickly as possible can lead to impaired dexterity and increase
time taken to perform the procedure (Munz and Darzi, 2003).
Secondary findings suggest that both mannequin and simulator times did not differ
significantly with previous Cricothyroidotomy experience. This aligns with the findings of AJ
Prabhu (Parbhu et al, 2001) who demonstrated a decline in performance after three
months. Even though participants had prior experience, none had performed or trained on
the technique in three months before the study started with the exception of the
orientation performed before the experiment. It is noted that there was a difference in the
time depending on the grade of the anesthetist with the consulting grade performing the
best. This may be attributed to more experience with handling stressful situations, (Suri et
al, 2007).

Recent Advances in Cricothyroidotomy Skill Trainers
Two new Cricothyroidotomy trainers with haptic properties are under development.
They are the Haptics-Based Combat Medic (HapMed) being developed by Chi Systems and
the Institute for Simulation and Training. Chi Systems is designing and developing HapMed
for the U.S. Army Medical Department (AMEDD) Center and School at Ft Sam Houston in
partnership with U.S. Army Research and Development and Engineering Command
Simulation and Training Technology Center (RDECOM SSTC). Ms. Sandy Dickinson is the
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program manager at RDECOM for this effort. The Injury Creation Science (ICS)
Cricotyrotomy trainer is being developed by Virtual Reality Medical Center (VRMC) in
coordination with RDECOM. Dr. Teresita Sotomayor is the program manager for this effort.

HapMed
HapMed is a blended training system designed to instill the skills and confidence
necessary for trainees to most effectively treat injuries associated with the three most
common causes of preventable battlefield death - hemorrhage, tension pneumothorax, and
compromised airway. HapMed is the result of a small business innovative research program
(SBIR). Although the initial target audience is the combat medics with a focus on providing
buddy training, it can be used by an instructor in a formal classroom. HapMed provides a
low cost, hands-on training solution with real time feedback by integrating sensor
instrumented mannequin parts with game and scenario-based training (Stagl et al, 2010).
According to Ms. Sandra Dickerson, the long-term vision is to create a build-a-body solution
that enables organizations to tailor multiple HapMed applications to their training needs.
The HapMed Trainer Suite is designed as a federated suite of medical training
applications and devices for the purpose of training combat medics and lifesavers to apply
tourniquets to control hemorrhaging, clear airway passages via a Cricothyroidotomy, and
inflate a collapsed lung (tension pneumothorax) via a needle chest decompression
procedure. The HapMed Trainer Suite is envisioned to initially consist of three medical
personnel training systems (viz., tourniquet, cricothyroidotomy, needle chest
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decompression). Each respective HapMed training system, in turn, will consist of an
instrumented, wireless medical device integrated with interactive game-based training
scenarios and a mobile control device to support scenario-based training (SBT) (Satgl et al,
2010).
Training Features. The HapMed training model includes four-phases, as described
below. These stages include:
Study: This phase enables the trainee to receive presentation of tutorials and
demonstrations to provide stage setting. For example, stage setting may include a battle
setting in an urban area, casualties, triage of the casualties, and the status of the casualties.
Training: This phase refers to the ability to combine multiple modes of information
presentation via the simulation technologies (apart from haptic feedback which is a given).
These include interactive games, video, audio, and 3-D imagery (e.g., of tension
pneumothorax) that changes in relation to training events or trainee actions.
Scenarios: This involved the he hands-on interactive practice with HapMed
mannequins (e.g., arm, leg, CRIC, etc.) to present and vary depicted symptoms and casualty
actions provided by the haptic devices that interact with trainee actions.
Assessment: This involves the actual presentation of the results of performance
measurement based on the trainee’s performance. This phase includes the capability to
provide diagnostic assessment of trainee performance and learning outcomes.
HapMed will support all four phases of learning. Based on the training situation
analysis and following the continuum of Knowledge Acquisition Model, HapMed will
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support didactic instruction, hands-on part task experiential learning, and SBT (Stagl et al,
2010). Figure 23 below provides an overview of the HapMed training suite.

Figure 23. Overview of HapMed Training Suite
Source: Satgl et al, 2010

Select Training Task
HapMed provides a list of available tasks, which will be expanded over time and for
each, indicate the HapMed wireless devices supported by each task as well as well as the
presence of those detected. After logging into the system with proper credentials, the
trainee will select the specific task with the presentation of a list of available modules
related to that task. This list includes modules relevant to trainee history and requirements
that can be administered given the system configuration. The user will be provided with a
visual indication as to their progress relative to each module. This will indicate one of four
possible progress states including: not started, started but not completed, completed but
not passed, completed and passed. HapMed will also provide an estimate of the time
90

required, on average to navigate to each of the four available learning activities as depicted
in Figure 9 (Satgl et al 2010). Study capabilities are provided to review non-interactive
didactic instruction and demonstrations via text, audio, video, and 3D modeling
presentations. Training to provide interactive games, video, audio, and 3-D imagery (e.g., of
tension pneumothorax) that change in relation to training trainee actions. Scenarios to
enable interactive part-task training with HapMed mannequins (e.g. arm, leg, cric etc) to
present and vary depicted symptoms and casualty actions are provided by the haptic
devices.
The capability to take reflective self-assessments, as well as receive feedback on
performance, in the interactive HapMed Scenarios is provided. Figure 24 represents the
selection of the Cricothyroidotomy module and the ‘Study’ tab to view the available
resources.
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Figure 24. Display of Training Device for Selecting Task
Source: Satgl et al, 2010

When viewing the ‘Finding Landmarks’ element within the Study activity, trainees
are presented with the available tutorial, as seen in Figure 25 (Satgl et al, 2010). The trainee
will view the tutorial presentation equipped with text and audio narration describing
anatomical landmarks, how to locate them and their role relative to the CRIC procedure.
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Figure 25. Display for LandMark Information
Source: Satgl et al, 2010

In order to better visualize the anatomical structures involved, as well as review a
demonstration of the procedure, the available CRIC procedure video, as seen in Figure 26
below may be played. This presentation will contain controls such as ‘previous’, ‘next’,
volume control, and for slides and video and offers a means for moving quickly to specific
frames or points in the demonstration video.
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Figure 26. Pre-Scenario Training
Source: Satgl et al, 2010

Pre-Scenario Training
Before training, users will be able to view a multiple modes of information
presentation via simulation. These include interactive games, video, audio, and 3-D imagery
(e.g., of tension pneumothorax) that change in relation to training trainee actions. In this
example, game-based applications can provide a rich form of interaction in order to trainee
the user on condition indications (e.g. applying a tourniquet versus utilizing a hemostatic
agent).

Scenario Based Training
The trainee selects from a list of available scenarios and views a video (or
simulation) of a close quarter engagement and is presented with simulated casualties from
that engagement. He is then directed to perform a required procedure, a Needle Chest
Decompression (NCD) on a casualty. The trainee selects the casualty and is instructed to
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begin the NCD on the mannequin. The trainee performs the needle chest decompression
task on the wireless mannequin. During performance on the mannequin, the instructor can
view the results of the trainee’s performance on the simulated casualty via the HapMed
control application, HapMed Figure 27, (Satgl et al, 2010).
At the completion of the scenario, the trainee receives assessments in the form of
standard SCORM-based question formats coupled with feedback provided to the user based
on their responses, as shown in Figure 28. Formats will include: multiple-choice, true/false
and will be based on T C8-800 assessments. Performance feedback will be provided based
on key performance parameters, as provided in Figure 27.

Figure 27. HapMed Assessment and Performance Feedback Displays
Source: Satgl et al, 2010
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Cricotyrotomy Skills Trainer Prototype
RDECOM in coordination with the Virtual Research Medical Center have developed a
prototype skills trainer providing the interaction with a live actor or mannequin. It offers
the emergency medic and other medical professionals the opportunity to train in immersive
training environment. The focus is classroom training for the combat medics. An
evaluation of this training capability is scheduled for mid-February 2011 with the user
community in San Antonio, Texas.
This kit presumes the presence of a professional overseeing the instruction and is
intended for classroom training. This skills trainer is not a computer-based intelligent tutor
and no software exists. Enhancements are planned to provide feedback when the
procedure is not performed correctly. There is not a timing mechanism. Results are not
recorded to provide feedback or after action review. Once the student cuts through the
overlay skin, it is thrown away. Although the full cost of this system has yet to be
determined, we know that the overlay skill will be thrown away after each use. A fact sheet
is provided below by Dr. Teresa Sotomayor of RDECOM.
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Figure 28. Cricotyrotomy Fact Sheet
Source: Dr. Teriseta Sotomayor, RDECOM, May 2009
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The Cut Suit Skills Trainer
Strategic Operations (STOPS) Incorporated, a San Diego based company has created
a skills trainer referred to as a “Cut Suit,” a human worn partial task surgical simulator. It is
capable of performing a cricothyroidotomy. Strategic Operations, specializes in HyperRealistic™ training environments law enforcement and homeland security (Merrill, Kim,
2010).
According to Strategic Operations Executive Vice President Kit Lavell, Cut Suit” is the
most realistic way to simulate the look, feel and smell effects of severe traumatic events on
a live human while allowing medics, combat lifesavers, soldiers, sailors, marines, airmen and
civilian first responders to safely perform real medical procedures on a live human (Merrill,
Kim, 2010). Services start from the point of wounding, where self-aid and buddy-aid are
rendered, the Medic or Corpsman renders aid, CasEvac or MedEvac is performed, treatment
enroute, and transition of care to the shock/trauma team and surgical intervention.
As published by STOPS, Inc, key features of the Cut Suit include:
 The system can be worn during even intensely physical scenarios at the POI
(Point of Injury);
 The system weighs approximately 30 Lbs (approximately equivalent to a current
defense issued, fully-loaded IBA);
 Body armor, uniform, clothing and equipment is not only do-able over the
system but usable;
 The system allows for interaction with a live patient during the emergency
assessment and treatment process;
 The skin and organs is user repairable, allowing for multiple uses per unit (well
beyond 50 repairs to fully lacerated skin)
 Interchangeable organs, variable rate beating heart and variable blood flow;
 Wounds created by the user Breakable and repairable bones (ribs & sternum).
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At the time of this research, STOPS, Inc. was undergoing the patent process for this
technology. Access to any prior assessments is not available.

Figure 29. Cut Suit, Strategic Operations, Inc.
Source: Merrill, Kim Nov 2010), www.strategic.operations.com
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Summary
This chapter focused on the application of haptic enabled simulation and the need
for accurate human modeling and correct anatomy and physiological processes. The use of
computer haptics in virtual reality systems is of primary focus with an emphasis on
minimally invasive surgical simulation. Furthermore, a literature review provided findings
from previous research in the modeling of anatomy and physiology, explored the use of
haptic-enabled feedback in surgical training and. Insight into potential criteria for success in
applying haptic devices for training surgical procedures was referenced.
The cricothyroidotomy is introduced as a critical emergency procedure and an ideal
case for the use of haptic-enabled simulation. Emerging capabilities for performing
cricothyroidotomy were highlighted as well as previous research, findings and capability
gaps. The CricSim, Cricotyrotomy, HapMed and Cut Suit skill trainers are major
developments still underway. Both the CricSim and Chi Systems cricothyroidotomy virtual
trainers contain haptic features and mechanisms for feedback, whereas the RDECOM skills
trainer lacks automated reporting feedback mechanisms. The Cut Suit at the time of
research was very much in the prototype stage and there was not a mention of feedback
mechanisms for reporting status on performance.
When you examine the findings from limited research on the capabilities and use of
CricSim there are shortcomings, which require more exploration and a comparison to more
recent emerging capabilities. The positioning of the student’s eye contact and hands on the
instruments is considered a capability gap. Since previous research on the CricSim focused
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mainly on the usability of the prototype and employed self-assessment performed by
novice medics who had limited previous experience with cricothyroidotomy on live patients
with some basic and advanced critical skills courses, other questions require answers. Did
the trainees actually perform the cricothyroidotomy procedure to standard? How do
trainees who subsequently actually perform cricothyroidotomy in a battlefield environment
rate the contribution of the CricSim to their success or failure? Does the CricSim accurately
model the anatomical and physiological processes of the procedure? Are the students
better trained or prepared with the introduction of the haptic technology than a modelbased application without haptic technology? To what degree does the introduction of the
haptics provide realism? What is the best application to increase realism and effectiveness?
How realistic was the environment when the experiments were conducted? These are only
a few key questions needing answers and requiring further research. Since the HapMed
and RDECOM skills trainers and the Cut Suits have not formally been evaluated, these same
questions are appropriate.
With the emergence of the CricSim and more recent cricothyroidotomy technologies
and instructional methods, it is critical to conduct a comparison study to baseline current
instructional methods and evaluate them alongside emerging capabilities. An analysis of
these methods in a training environment to access realism, fidelity, effectiveness,
knowledge transfer and overall customer satisfaction is of paramount importance. It is also
critical to incorporating the appropriate instructional method or techniques into the
training curriculum of emergency medical personnel.
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CHAPTER THREE: METHODOLOGY

Introduction
Gaps in research pertaining to the use of simulation in training the emergency
medical cricothyroidotomy procedure are cited. The current state of affairs for the use of
the medical simulation training centers for training emergency medics is summarized at Fort
Indiantown Gap, Pennsylvania. An introduction to a case methodology for proposed
research in the areas of fidelity, usability, training protocol, effectiveness, and knowledge
transfer through a comparison study evaluating two emerging simulation-based training
approaches is provided.
Shortfalls in previously cited literature on the use of medical simulation to support
Cricothyroidotomy are similar to shortfalls cited in the literature on other surgical modeling
and simulation. Future studies may find that virtual reality trainers complement, reduce, or
replace the use of other alternative training methods such as animal, cadaver and
mannequin simulators (Bradley, Youngsen, 2008). Research is critical in identifying
appropriate level of fidelity, usability, training protocol, effectiveness, and knowledge
transfer in Cricothyroidotomy surgical training in terms of visual, auditory, tactile or other
senses. The level of training related to these factors desired or needed requires further
research. Currently understood desired effectiveness levels are identified. As a way of
limiting this research to a scope suitable for a dissertation, the research proposed entails
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exploration and evaluation of simulator options available to train combat medics to
determine their ability to train to currently identified effectiveness levels.
This chapter introduces the current case study setting, scope and methodology for
the research to be accomplished. The simulation training technologies used as cases in this
research are identified. The research questions pertaining to those technologies are
summarized with associated hypothesis and evaluation methodology. The sample
population from the target population is defined as well as resource requirements,
measurement, data collection techniques, assumptions and limitations.

The Current Case Study Setting: Army National Guard Medical Battalion Training Site

Fort Indiantown Gap, referred to as FIG is a National Guard Training Center located
in Annville, Lebanon County, Pennsylvania is the home of the Medical Battalion Training Site
(MBTS). FIG programs provides institutional training within assigned career management
fields (CMF's), based on the collective requirements identified by the Army Program for
Individual Training (ARPRINT) in support of the Army's modular force (Bickford, 2009).
The Battalion (BN) provides training, training support and validation of mission
essential task performance to Army Reserve National Group (ARNG) medical elements. The
unit conducts mobile training team assistance and/or assessment visits to units scheduled
to train at the MBTS. The priority of support is to ARNG medical companies/platoons,
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evacuation assets and combat lifesavers in the conduct of humanitarian and wartime
missions using technology enhancements, evolving doctrine and state-of-the-art equipment
(Bickford, 2009). The BN provides coordinating authority, quality assurance (QA), and
scheduling and accreditation oversight for functionally aligned ARNG elements. The BN
provides for the review and development of associated courseware in response to the
Army's training needs and the contemporary operating environment (COE).
On site, there is 12,000 Sq Ft covered training area with a multi-purpose training
environment. This may be used to train individual or collective skills up to Squad / Platoon
for any unit, not just medical. The site includes over fifty human patient simulation devices
and related equipment. Over one million dollars in simulation equipment is available. A
tactical field care room is constructed with rolling walls to allow multiple room
configurations and training scenarios. Total classroom seating capacity is one hundred
twenty five with an additional seventy seats available in dual-usage simulation rooms
totaling an available one hundred ninety five seats. Simulation rooms are configured for
sight, sound, smoke, interactive target systems, climate control and video recording
projecting capabilities to all classrooms. A summary of training conducted by MBTS in
calendar years 2009, 2010 and planned 2011 are provided below in Figure 30, Figure 31 and
Figure 32 to show the magnitude of training completed and planned during the years.
Figure 33 shows some images taken of actual training events.

104

Figure 30. Training in Calendar Year 2009
Source: CPT Adam Bickford, 2009, Medical Battalion Training Site
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Figure 31. Training in Calendar Year 2010
Source: CPT Adam Bickford, 2009, Medical Battalion Training Site

Figure 32. Training in Calendar Year 2011
Source: CPT Adam Bickford, 2009, Medical Battalion Training Site
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Figure 33. Simulation scenarios from MBTS
Source: CPT Adam Bickford, 2009, Medical Battalion Training Site

The combat medics at MBTS are currently trained on Cricothyroidotomy using
partial task trainers and human patient simulators. According to Capt Adam Bickford,
medical officer at MBTS, simulators currently in use do not track the performance of the
students when performing the cricothyroidotomy interventions. The majority of the
simulators used lack the ability to report on the specific performance of the trainee’s
actions or provide feedback for cricothyroidotomy interventions. Instead, students receive
feedback and are evaluated based on assessment mechanisms such as standard exams and
checklists. The one simulator that provides tracking of human vital signs in response to the
medical trainee performing the Cricothyroidotomy is the SIMAN 3G by Laerdal as depicted
in Figure 34. SIMAN 3G is a wireless computer based human patient simulator that sets
specific patient scenarios and tracks the interventions performed. This technology
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simulates tongue swelling, leading to an obstructed airway. When trainees perform
cricothyroidotomy, SIMAN 3G detects that an intervention has occurred and allows the
patients vitals and status to respond accordingly in real time. This provides feedback to the
trainee during the training experience.

Figure 34. SIMAN 3G by Laerdal
Source: http://www.laerdaltraining.com/simulation/PDF/SimMan3G-Brochure-4217.pdf

Fort Indiantown GAP is actively engaged with Research, Development, and
Engineering Command (RDECOM) to beta test new medical training devices and training
aids. According to CPT Adam Bickford, a medical operations officer, MBTS is working to
expand the virtual simulation capabilities offered at the facility, however, funding is a
challenge. In addition, members of the staff are also working with University of Nevada Las
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Vegas to obtain a Congressional Grant to develop a blended learning combat lifesaver
course.
There is strong interest at MBTS in expanding its curriculum and obtaining
simulation capabilities such as the CricSim and HAPMED virtual simulation for
cricothyroidotomy based for augmenting classroom training. The capability has yet to be
demonstrated and evaluated at MBTS with combat medic trainees.

Research Design
The primary objective of this research is to examine through a case study
methodology alternative training technologies and methods for experientially learning the
cricothyroidotomy emergency medical procedure. Through this research, shortfalls or gaps
of the existing and emerging training technologies and methods will be identified. Further
recommendations are expected that will expand the capabilities of the training technologies
for better cricothyroidotomy training. In addition, the research is expected to provide
insights on the contribution to experiential learning by the underlying sensory aspects of
the technologies found. These underlying sensory aspects include but are not limited to
haptic and visual fidelity of the technologies.
The research design is experimental and descriptive and supports a comparison
study of two different technological approaches – CricSim and HAPMED - to training the
Cricothyroidotomy procedure. CricSim and HAPMED virtual simulation capabilities are
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evaluated on fidelity, usability, training protocol, effectiveness, and knowledge transfer.
The overall approach to transfer of knowledge from the training environment to the
application environment is addressed. If knowledge transfer exists from the training
environment to the application environment, then the application environment must
influence or be reflected in the training environment to some level.
This case study also examines the cricothyroidotomy emergency medical procedure
in a military combat environment and considers the use of the CricSim simulator and
HAPMED in that training environment. Professional medical personnel and previous
CricSim cricothyroidotomy trainees must validate the procedures and processes for the
CricSim and HAPMED. By gathering data from combat medic, trainees themselves who
were previously trained in and subsequently actually conducted the cricothyroidotomy
procedure, whether in a combat environment or in some other environment, insight on the
adequacy of the training will be illuminated and/or substantiated.

Research Questions, Hypothesis and Analysis Design
There are five research questions. Medical technician trainees are the target
population for research questions one and two. Engineers and medical doctors are the
target population for research question three. Instructors are the target population for
research question four and five. Medical technicians in the field are the target population
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for research question six. Target populations are discussed further below. The scope of
research questions are outlined with corresponding hypothesis and analysis design.

Research Question 1
What is the level of usability in terms of visual, tactile and force feedback of the
CricSim and HAPMED? Baseline – Acceptable usability
Baseline usability is based on the acceptable level of use as determined by the
trainees. H1Cο = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure do experience a level of acceptable usability of CricSim sufficient to conduct the
Cricothyroidotomy procedure for experiential learning. H1Ca = Medical trainees who use
the CricSim to perform a Cricothyroidotomy procedure do not experience a level of
acceptable usability of CricSim sufficient to conduct the Cricothyroidotomy procedure for
experiential learning.

Acceptable Usability – Hypothesis 1
H1Hο = Medical trainees who use the HAPMED to perform a Cricothyroidotomy
procedure do experience a level of acceptability of CricSim sufficient to conduct the
Cricothyroidotomy procedure for experiential learning
H1Ha = Medical trainees who use the HAPMED to perform a Cricothyroidotomy
procedure do not experience a level of acceptable usability of CricSim sufficient to conduct
the Cricothyroidotomy procedure for experiential learning.
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This question addresses the need to evaluate and compare two emerging
simulators, CricSim and HAPMED to determine if these technologies can provide the level of
usability in terms of visual, tactile and force feedback for the emergency medics using these
capabilities to complete certification or pre-deployment training requirements.

Evaluation Methodology
To evaluate this hypothesis, we will focus this case research on emergency medical
technicians as described below in the target population section. Further, data collection will
focus on requirements in terms of visual, tactile and force feedback for performing the
procedure as determined by the instructor, requirements and design documentation. The
requirement documentation used for both the CricSim and HAPMED is provided in
Appendix D, Instructor’s Evaluation for the Military Occupational Specialty (MOS) 68Ws.
The NASA Task Load Index (NASA-TLX) is used to evaluate usability and the
execution of associated Cricothyroidotomy tasks during the application of HAPMED and
CricSim. Six questions pertaining to four major tasks of the Cricothyroidotomy procedures
are used to address these hypotheses in surveys for both HAPMED and CricSim.
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Research Question 2
What is the acceptable level of procedure fidelity in terms of visual, tactile and force
feedback of the CricSim and HAPMED? (Baseline)
This question addresses the acceptable level of procedure fidelity required in terms
of visual, tactile and force feedback of the CricSim and HAPMED trainers. In the fields of
scientific modeling and simulation, fidelity refers to the degree to which a model or
simulation reproduces the state and behavior of a real world object, feature or condition.
Fidelity is, therefore, a measure of the realism of a model or simulation. This question
addresses how similar or realistic this trainer is to the real experience of performing the
procedure.

Procedural Fidelity – Hypothesis 2
H2Cο = The baseline level of acceptable procedure fidelity of the CricSim in terms
of visual, tactile and force feedback necessary to manifest an improvement in performance
by trainees is met.
H2Ca = The baseline level of acceptable procedure fidelity of the CricSim in terms
of visual, tactile and force feedback necessary to manifest an improvement in performance
by trainees is met.
H2Hο = The baseline level of acceptable procedure fidelity of the HAPMED in terms
of visual, tactile and force feedback necessary to manifest an improvement in performance
by the trainees is met.
113

H2Ha = The baseline level of acceptable procedure fidelity of the HAPMED in terms
of visual, tactile and force feedback necessary to manifest an improvement in performance
by the trainees is not met.

Evaluation Methodology
As discussed below in the target population and data collection section, the baseline
fidelity in terms of visual, tactile and force feedback required is determined by medical
professionals at the FIG medical training facility and/or requirements document for CricSim
and HAPMED. To address, this hypothesis, CricSim and HAPMED must demonstrate that
the system meets or does not meet baseline requirements for the level of fidelity through
utilization during the trainees training. The survey provided to the students in Appendix I,
questions 1, 3, 4, 5, 8, 10, 11 and 12.

Research Question 3
Is the training protocol for the CricSim and HAPMED appropriate for the targeted
skill level of the Cricothyroidotomy procedure?
This question addresses whether CricSim and HAPMED are appropriate for periodic
sustainment training required for the combat medic.
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Training Protocol - Hypothesis 3
H3Cο = The training protocol for the CricSim is appropriate for the
Cricothyroidotomy procedure.
H3Ca= The training protocol for the CricSim is not appropriate for the
Cricothyroidotomy procedure.
H3Hο = The training protocol for the HAPMED is appropriate for the
Cricothyroidotomy procedure.
H3Ha= The training protocol for the HAPMED is not appropriate for the
Cricothyroidotomy procedure.
The question is addressed by:
 Obtaining protocol for Cricothyroidotomy procedure from U.S. Medical
Command
 Established checklist (TC8-800), as referenced in Appendix A and Appendix E
 Determining how much practice is needed for proficiency or to reach desired
level.
 Determining frequency required to retain skills
 Consultation with medical professional trainer
 Experienced medical practitioners evaluate the performance of systems and the
trainees based on published standards and guidelines for procedure.
 Performance data from trainee’s performance on CricSim and HAPMED are
evaluated. Questions two and nine Appendix I is used to address these
hypotheses.

Research Question 4
Effectiveness. How effective is the CricSim in achieving the targeted skill level visavia other trainee alternatives (HAPMED)?
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This question addresses the comparison of CricSim and HAPMED in achieving the
targeted skill level.

Effectiveness – Hypothesis 4
H4Cο = The CricSim visa-via trainee is more effective than other alternative
methods (HAPMED) in terms of visual, tactile and force feedback necessary to manifest an
improvement in performance by the trainees.
H4Ca = The CricSim visa-via trainee (HAPMED) is not more effective than other
alternative methods in terms of visual, tactile and force feedback necessary to manifest an
improvement in performance by the trainees.
H4Hο = The HAPMED visa-via trainee is more effective than other alternative
methods (CricSim) in terms of visual, tactile and force feedback necessary to manifest an
improvement in performance by the trainees.
H4Ha = The HAPMED visa-via trainee (CricSim) is not more effective than other
alternative methods in terms of visual, tactile and force feedback necessary to manifest an
improvement in performance by the trainees.

Evaluation Methodology
The question is addressed by analyzing the results of the student’s performance
using both trainers. This analysis involves the instructor’s evaluation as referenced in
Appendix D, questions one through ten. The analysis also includes the trainee’s response to
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questions six and thirteen of Appendix I. Additionally, feedback from trainees comparing
HAPMED and CricSim to other trainers is collected from questions fifteen through eighteen.
HAPMED and CricSim are identified as two training alternatives to performing
Cricothyroidotomy procedure and evaluate effectiveness (CricSim and HAPMED). Based on
data collected via the instructors evaluation of the student’s performances detailed in
Appendix D, it is determined if the simulator options of CricSim and HAPMED train
students to the appropriate effectiveness level? In addition, it is determined if the options
addresses the entire task or is it a part task trainer? Training aspects that remain are
reported.

Research Questions beyond Scope
The following research question is beyond the scope of this research due to a
limitation of in the number of trainers required to thoroughly examine this area. It is highly
recommended that this be explored in future.

Research Question 5
From a training transfer perspective, is there a difference in perceived usability,
procedural fidelity, physiological fidelity, and effectiveness of the CricSim and HAPMED
between trainee medics and medics in the field of usability?
This question addresses the transfer of skill and the application of it after a trainee
experiences the use of CricSim and HAPMED.
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Training Transfer - Hypothesis 5
H5Cο = From a training transfer perspective, there is a difference in perceived
usability, procedural fidelity, physiological fidelity, and effectiveness of the CricSim between
trainee medics and medics in the field on usability?
H5Ca = From a training transfer perspective, there is not a difference in perceived
usability, procedural fidelity, physiological fidelity, and effectiveness of the CricSim
between trainee medics and medics in the field on usability?
H5Hο = From a training transfer perspective, there is a difference in perceived
usability, procedural fidelity, physiological fidelity, and effectiveness of the HAPMED
between trainee medics and medics in the field on usability?
H5Ha = From a training transfer perspective, there is not a difference in perceived
usability, procedural fidelity, physiological fidelity, and effectiveness of the HAPMED
between trainee medics and medics in the field on usability?

Evaluation Methodology
Evaluations of these questions are limited. Both products are still considered
prototypes. HAPMED is currently not fielded and the use of CricSim is limited.
Documentation on the students who used the CricSim trainer is not available, therefore the
students cannot be contacted to survey them on their experiences after using the CricSim
trainer.
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Research Question 6
What is the level of usability required in terms of visual, tactile and force feedback of
the CricSim and HAPMED to ensure max human performance?
This question addresses the specifications required to meet max human
performance of the combat medic using the CricSim and HAPMED trainers.
Usability Max Human Performance – Hypothesis 6
H6Cο = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure experience maximum human performance of usability required for
Cricothyroidotomy procedure training.
H6Ca = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure do not experience the maximum human performance level of usability required
for Cricothyroidotomy procedure training.
H6Hο = Medical trainees who use the HAPMED to perform a Cricothyroidotomy
procedure experience maximum human performance of usability required for
Cricothyroidotomy procedure training.
H6Ha = Medical trainees who use the HAPMED to perform a Cricothyroidotomy
procedure do not experience the maximum human performance level of usability required
for Cricothyroidotomy procedure training.

119

Evaluation Methodology
The identification of requirements in terms of visual, tactile and force feedback to
provide maximum human performance is determined. This is derived from medical
professional trainer input, creation of checklists, formal usability inspections by trainees,
and formal usability inspection using six-procedure formal approach combining the heuristic
and cognitive evaluations. Surveys after inspections for assessment by students and
instructors, use of checklist, and the identification of data that indicates CricSim goes
beyond baseline requirements.
The following research question is beyond the scope of this research due to a
limitation of in the number of trainers required to thoroughly examine this area. It is highly
recommended that is explored in future.

Research Question 7
What is the level of acceptable physiology fidelity required in terms of visual, tactile
and force feedback of the CricSim and HAPMED to ensure the school targeted level of
human performance and does CricSim and/or HAPMED met the acceptable level of
physiological fidelity?
This question addresses the instructor’s acceptable level of physiology fidelity to
address the requirements of the school.
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Physiology Fidelity - Hypothesis 7
H7Cο = The level of acceptable physiology fidelity of the CricSim in terms of visual,
tactile and force feedback necessary to conduct a realistic Cricothyroidotomy meets
expectations of individuals qualified and experienced in performing Cricothyroidotomy.
H7Ca = The level of acceptable physiology fidelity of the CricSim in terms of visual,
tactile and force feedback necessary to conduct a realistic Cricothyroidotomy does not
meet expectations of individuals qualified and experienced in performing
Cricothyroidotomy.
H7Hο = The level of acceptable physiology fidelity of the HAPMED in terms of visual,
tactile and force feedback necessary to conduct a realistic Cricothyroidotomy meets
expectations of individuals qualified and experienced in performing Cricothyroidotomy.
H7Ha = The level of acceptable physiology fidelity of the HAPMED CricSim in terms
of visual, tactile and force feedback necessary to conduct a realistic Cricothyroidotomy
does not meet expectations of individuals qualified and experienced in performing
Cricothyroidotomy.

Evaluation Methodology
Qualified and experienced instructors, and/or medical doctors, and/or engineers will
assess the level of acceptable physiology fidelity between the two simulators and actual
human physiology in terms of visual, tactile and force feedback necessary to maximize
human improvement in performance by the trainees as required by the standard airway
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management training. Training professionals for the combat medics will be determined.
The correlation of the physiology of the simulators with the human physiology necessary to
conduct a cricothyroidotomy will be assessed for both the CricSim and HAPMED. Medics
who have actually conducted a cricothyroidotomy, qualified instructors and/or medical
doctors and/or engineers will evaluate the fidelity of each simulator with respect to their
prior experience with actual humans or the engineers and/or medical doctors. A
physiological assessment of the fidelity between simulator and human may be conducted.
Data to address this research hypothesis will be gathered from medical doctors and
engineers qualified to assess the physiology of the systems from a technical perspective.
The following research question is beyond the scope of this research due to lack of
technical specifications for the physiological modeling.
According to the project managers and engineers for both CricSim and HAPMED,
both products are prototypes from research programs that focused on the procedural
fidelity and usability of the technology to hone the skills required to successfully perform
the cricothyroidotomy. Once the prototypes are completed, specifications are expected in
the final development and maintenance contracts. It is highly recommended that this be
explored in future.
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Target Population
There are four separate target populations for this research consisting of medical
technician trainees, engineers, medical doctors, instructors and medical technicians. All play
a vital role in the proficiency and the application of cricothyroidotomy. Profile information
on the medical trainees and instructors is provided.
The instructors are the individuals responsible for teaching this life emergency
procedure, evaluating and rating medical technician students after their designated
training. The instructors determine whether the trainees pass or fail and certify the
trainees.
The medical doctors are the professionals who may perform the cricothyroidotomy
in an emergency and attend periodic training for the sustainment of their skills. Medical
doctors are also responsible for reviewing and evaluating instructions, instructional
techniques and curriculum for training medical professionals.
The combat medic or medical technicians in the field are those who have performed
the cricothyroidotomy procedure on a live patient and participate in sustainment classes to
gain recertification.
Engineers play a vital role in this research in customer requirements review; adhere
to specifications, design and development of both the CricSim and HAPMED prototypes.
They are also responsible for the test and evaluation of the prototype capabilities. Overall,
engineers are responsible for translating customer modeling and simulation requirements
into acceptable capabilities.
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The medical trainees are individuals who are receiving their certification to perform
the cricothyroidotomy procedure through the airway management skills training. To find
the appropriate sample population that are exposed to the use of medical simulation for
training the cricothyroidotomy procedure, various organizations were consulted with
potential populations varying from medical residents to emergency medical technicians.
The target audience for the combat medic is the 68W, the military occupational
specialty (MOS) for the United States Army's healthcare specialist, commonly referred to as
the combat medic. The primary role of the combat medic is providing medical treatment to
wounded soldiers. These medics serve as the basic or first tier of the Army medical system
accompanying units as small as platoons (approximately 12-40 soldiers) during training and
deployments. Medics provide initial emergency medical care, evacuation, and supervision
to other soldiers with medical as well as provide medical advice to unit chains of command.
Since combat casualty care is the primary mission of the soldier medic, casualty care
skill sets include basic life support, patient assessment, hemorrhage control, fracture
management, and the prevention and treatment of shock. The core skills of the soldier
medic largely overlap the competencies of the emergency medical technician (EMT);
however, the soldier medic is more uniquely skilled than an EMT-B. These advanced core
skills are related to advanced airway management, combat trauma management, morphine
administration, and chemical, biological, radiological, and nuclear (CBRN) medical skills
(Department of the Army, May 2009). These advanced skills are comparable to those of an
Emergency Medical Technician – Intermediate (EMT-I) or Emergency Medical Technician –
124

Paramedic (EMT-P) and must be sustained. The EMT skills are drawn from Department of
Transportation standards and are used by civilian state and federal agencies and military
services (Department of the Army, May 2009).
According to the TC8-800 medical education and demonstration of individual
competence (MEDIC) guide, airway management is a defined track in combat medic
training. The TC8-800 supports or supplements the unit training of soldier medics. It
provides seven training tables with the associated training support packages, which can be
used in continuation or refresher course credit. The combat medic uses the simulation
capabilities within medical simulation training centers to hone their skills.
Organizations responsible for the training of the 68Ws within the U.S. Army were
consulted due to the sheer volume of medical procedures trained with the use of
simulation. According to Lt Col Ariza Wilson, Program Manager of Medical Simulation
Training Center (MSTC) of PEO-STRI, over one hundred and twenty thousand soldiers were
trained through the medical simulation training centers in 2009. The MBTS at FIG was
consulted due to their medical training focus with the combat medic.

Profile of Target Combat Medic Population
Existing medics return for continuation training or preparation prior to deployment.
This research targets combat medics completing a sustainment advanced airway
management course with previous cricothyroidotomy training and possibly some
125

experience performing the procedure on a live patient. For MOS qualification, the medic
must meet the biennial emergency medical technician – basic (EMT-B) certification and
recertification by the National Registry of Emergency Medical Technicians (NREMT) in
accordance with Army Regulation 40-68 and the Basic Life Support Healthcare Provider
certification at healthcare provider level. The TC8-800 specifies forty-eight hours of training
each year. In a two-year cycle, completing the training outlined, soldier medics will satisfy
all necessary requirements to sustain their NREMT-B certification.
The profile for each student is extremely broad. The common attribute for all of the
students is that they are qualified 68W Army combat medics. They are typically Army
National Guard and US Army Reserve with very little active duty soldiers in the course. All
will have a civilian skill set based on their dual status as citizen soldiers. They may practice
medical skills in the civilian sector or they may do something entirely different. Some
medics are EMT-B only; others may be EMT-Paramedics. The sustainment class also has
many medics that are qualified LPN, RN, other Allied Health Trades, and occasionally medics
that are MDs.
As far as military rank, the combat medics are usually between a -10 level to -40
levels. The breakdown of the levels is as follows.





10 level - Entry level, encompasses E1-E4
20 level - Entry level NCO (SGT) E5
30 level - SSG E6
40 level - SFC E7 - Typically a platoon sergeant or clinic NCOIC
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Schooling becomes advanced at the 30 level-SSG E6 and are taught skills such as
blood infusion, IV, piggyback medication administration and advanced airway management
techniques.
According to Capt Bickford, training experiences vary. Even though the military
automatically trains the combat medic on advanced skills at the E6 level, many reserve
component medics may acquire these skills early based on training with their providers,
civilian training, and sometimes internal self-development. Some may never have
deployed, some could have deployed as many as 4-5 times in their career. Their specific
units and experiences can also differ. Some may have large amounts of clinical experience;
others may have a lot of trauma experience. There are those who are experienced and
must meet certification requirements, and there are those who maybe be receiving the
training prior to deployment. Combat medic sustainment is largely based on their EMT-B
recertification cycle.

Profile of Instructors
The instructors must be at the E-6 level BNCOC Grad (NR-EMT certified) or higher.
When the tasks are trained to standard by a qualified 68W NCO or medical officer, and the
training is documented by a medical officer, medics meet the continuation education
biennial refresher course requirements for NREMT-B recertification. For the purpose of this
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research, the instructors supporting the Medical Battalion Training Site are consulted during
this case study.

Research Design
The observances of training opportunities on airway management techniques within
the MBTS are targeted. Current training technologies for Cricothyroidotomy within MBTS
are baselined HAPMED and CricSim are incorporated into an advanced airway management
portion of a fall sustainment class as augmentation for advanced combat medics. The
student’s performance on the HAPMED and CricSim virtual simulators are evaluated based
on instructor guidelines for the cricothyroidotomy. An instructor is assigned to assist in the
experiment and support to the research. Current training will be observed and data from
the evaluation of the students collected. At this point in time, common metrics across both
systems tracked include amount of time to perform the procedure, insufficient insufflations
attempted, sufficient insufflations attempted, from the training experience is recorded for
each student.
Students are provided access to the both trainers for orientation and training at
least two hours prior to use. Inferential statistics are used. Frequency statistics for overall
results and for each of the following variables will be computed: level of experience
performing cricothyroidotomy, instructor, age, gender and education level. G*Power 3.1.0
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(Faul, Erdfelder, Lang, & Buchner, 2007) will be used to calculate sample sizes needed for
inferential statistics for the pilot study and experiment.
The students will be evaluated on their performance by the instructor using each
instructional method identified. Evaluation is based on the U.S Medical Command
standards and the cricothyroidotomy scenario and checklist referring to the fact sheet with
the procedures (STP 8-68W13-SM-TG as referenced in Appendix B and DA Form 7595-R as
referenced in Appendix E. The instructor rates the trainee's performance based on a
standard evaluation for this procedure after using the CricSim and HAPMED virtual trainers
as referenced in Appendix E. The MBTS instructor uses the “Go” or “No Go” approach to
evaluating the medic in Appendix D. The performance of the students will also be evaluated
based on the common performance data tracked by both virtual simulators.

Data Collection

The Questionnaire
A questionnaire is a common well-established technique for collecting demographic
data and users’ opinions. The NASA Task Load Index (NASA-TLX) is used to evaluate the task
load of medics performing the Cricothyroidotomy task when using the HAPMED and CricSim
virtual trainers. Since it is a subjective, multidimensional assessment tool that rates
perceived workload on six different subscales, it ideal for this research. These subscales
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include mental demand, physical demand, temporal demand, performance, effort, and
frustration. It can be used to assess workload in various human-machine environments
such as simulations and laboratory tests. It was developed by the Human Performance
Group at NASA's Ames Research Center over a three year development cycle that included
more than 40 laboratory simulations (http://human-factors.arc.nasa.gov/groups/TLX/).
The NASA-TLX framework is used while incorporating the Cricothyroidotomy tasks
identified in the evaluation based on the U.S Army Medical Command standards (#081-8333005) and the cricothyroidotomy scenario (DA Form 7595-9-R).
The four major tasks are identified below:
Task 1: Correctly identify the cricothyroid membrane.
Task 2: Palpate the membrane and make a vertical incision in the midline directly
over the cricothyroid membrane.
Task 3: While stabilizing the larynx, use the scalpel or hemostat and cut or poke
through the cricothyroid membrane.
Task 4: After dilating the opening, insert an appropriate ET tube or cannula between
the jaws of the hemostat with the tube in the trachea directed toward the lungs.
The Technology Acceptance Model (TAM) is used to obtain the user view on the
acceptance of the technology. It is a well know is an information systems theory that
models how users come to accept and use a technology. The model explains that a number
of factors influence their decisions or perceptions about how they will use the new
technology.
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Dr. Fred Davis is a renowned researcher who defines TAM in explicit detail. He
defines Perceived usefulness (PU) as "the degree to which a person believes that using a
particular system would enhance his or her job performance". He further defines
Perceived ease-of-use (PEOU) as "the degree to which a person believes that using a
particular system would be free from effort" (Davis 1989).
Figure 35 below is an illustration of the TAM.

Figure 35. The Technology Acceptance Model, version 1
Source: Davis, 1989
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Pilot Project
A pilot study was conducted at the end of July 2011 to test instruments and design.
CricSim was evaluated in the National Medical Simulation Center in Baltimore, Maryland.
The evaluation included experienced medics, one instructor from the Uniformed Medical
School and technologists.

HAPMED was evaluated in a local facility at the Research and

Development Command (RDECOM) lab using an experienced combat medic and engineer.

Experiment
An experiment was conducted August 30, 2011 at the Medical Battalion Training
Site, at FIG, Pennsylvania during the advanced airway management training portion of the
combat medic sustainment class. Participation was voluntary and compensation not
provided. Surveys were administered onsite at MTBS.

Assumptions
The research is very dependent on the availability of the trainees, instructors,
instructional methods and facilities. It is assumed that proper access will be provided with
the necessary approvals from FIG’s legal and contracting departments to gain access to the
facility, trainees, instructor, capabilities and trainees performance data. It is further
assumed that the CricSim from the National Simulation Center and the HAPMED from
RDECOM may be inserted into the MBTS advanced airway management training experience.
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Limitations
Limitations involve the schedule of training classes, times, locations and availability
of teachers and instructors. The availability of the emerging technology (HAPMED and
CricSim) that is not fully fielded yet and still undergoing modifications is noted. Access to
training materials and evaluation data of the students is limited. The curriculum for training
is rigid, with very little room for change without additional costs. There are restrictions to
making changes to the curriculum and program of instruction for the combat medic
training.
There are no dedicated funds for this research; therefore existing resources are
leveraged with the use of government employees without added contractor costs.

Due

to high operations tempo and demand for training, this experiment cannot impede
scheduled training. There are numerous combat medics trained yearly primarily due to
certification requirements through periodic courses and rehearsal requirements levied prior
to deployment to Iraq and Afghanistan.
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CHAPTER FOUR: DATA AND ANALYSIS

Introduction
This Chapter describes the data collected following the experimental methodology
set out in Chapter Three and formally presents the analysis of data gathered during
implementation of that methodology. Implementation of the experimental methodology
went largely as proposed.
Specifically, the training and experiment took place on August 30, 2011 at Fort
Indiantown Gap (FIG), a National Guard Training Center located in Annville, Lebanon
County, Pennsylvania, and the home of the Medical Battalion Training Site (MBTS). The
Battalion (BN) provides training, training support and validation of mission essential task
performance to Army Reserve and National Guard (ARNG) medical elements. As an
organizational participant in this research, the Battalion provided 12,000 square feet
covered training area, instructors, and combat medics for the experiment, support
personnel, and dedicated hours. The MBTS was recommended by LTC Vincent Leto of the
Army Medical Education Command in San Antonio, Texas due to the Battalion’s desire to
expand the use of modeling and simulation to increase the readiness of medical
professionals. This experiment was approved by the Commander of MBTS. Captain Adam
Bickford, the medical operations officer at FIG assigned Staff Sergeant (SSG) Justin Shaffer, a
medical instructor of MBTS to organize the integration of CricSim and HapMed virtual
simulation capabilities into the advanced airway management course conducted. SSG Justin
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Shaffer, was eager to facilitate the study, but stressed the need to maintain the balance of
education that they were accustomed to executing. He wanted to ensure that the study
itself did not take precedence over the training already scheduled, that it did, in fact,
enhance the training. Documentation pertaining to the HapMed and CricSim trainer
capabilities and draft student survey material were provided to SSG Justin Shaffer for
review and comment prior to the visit. This documentation assisted him in planning the
insertion of the technology into his planned training.
Participating organizations for combat trainees included professionals from MBTS,
Medical Command (MEDCOM), the Pennsylvania Army National Guard, US Army Reserve
Component, Army 112th infantry, and the Army 104th Cavalry. Prior to orientation on the
virtual simulators and actual insertion of the technology into the combat medics airway
management training, the trainees previously experienced classroom refresher instruction
as part of their advanced airway management training during the morning of August 30,
2011.
The data collection instruments used in the experiment provided in Appendices C, H,
and I are based on the Technology Acceptance Model (TAM), NASA Task Load Index (TLX),
and the Department of Army guidelines for evaluating combat medics. After the
experiment trainees completed these surveys based on their experiences using CricSim and
HAPMED simulations. The Outcome Letter approving the research protocol is dated 03 Aug
2011 (Appendix F). The surveys were administered using hard copy documents. Pre-
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experimental and post experimental data were also collected. The data and analysis are
provided in major sections within this chapter.

Resources
The Surgical Simulation Laboratory of the National Capital Area Simulation Center
(NCASC) of the Uniformed Services University in Bethesda, Maryland provided one CricSim
simulator and two subject matter experts, Dr. Alan Liu and Dr. Paul Acosta. Dr. Alan Liu
was available onsite for the assembly of the equipment, orientation and troubleshooting.
Dr. Paul Acosta provided reach back support from NCASC to troubleshoot any software
issues as needed. The CricSim simulator was the final version delivered at the end of the
small business innovative research initiative. The software operated on a desktop PC with
Windows XP operating system, a NVidia 9600 video card, two Gb RAM, an Intel E8400 Core
2 Duo CPU, 500Gb hard disk, two Omni Phantoms, 3D Stereoscopic LCD monitor, CRT
monitor for generating 3D frame-sequential images of the environment, and Crystal Eyes
shutter glasses provided a perceived 3D stereoscopic view of the patient when worn. This
system was assembled on a table with two chairs provided for the students and engineer
support in a dedicated training room at MBTS.
The Research, Development and Engineering Command (RDECOM) of Orlando,
Florida provided one HapMed simulator with one engineer support person, Dr Samuel
Kolondey from Chi Systems to support the assembly of equipment, orientation, and
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troubleshooting. The HAPMED simulator was the final version delivered as a result of a
small business innovative research program. The computer based training software version
is version 1. The android remote control software version is 2.1.1. The actual trainer itself
(head and torso) is thirty pounds. The cricothyroidotomy trainer was delivered to MTBS in
the morning hours packed in a pelican carrying case weighing a total of seventy four
pounds.
According to Samuel Koloney of Chi Systems, HapMed is a blended training system
designed to instill the skills and confidence necessary for trainees to most effectively treat
injuries associated with the three most common causes of preventable battlefield death hemorrhage, tension pneumothorax, and compromised airway. For this experiment,
trainees focused on the compromised airway management capability. HapMed provides a
hands-on training solution with real time feedback by integrating sensor instrumented
manikin parts with game and scenario-based training.
Emergency cricothyroidotomy involves creating an emergency surgical airway on the
battlefield. Using the HapMed cricothyroidotomy trainer, trainees practice locating the
incision site; making the incision; puncturing the cricothyroid membrane; inserting an
endotracheal tube and insufflating the lungs. The system is designed to provide the
students’ feedback on their performance including placement of the tube, whether a
nasopharyngeal airway was used, and the time taken to restore the airway.
Complementary computer-based instruction includes a 3-D cricothyroidotomy
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demonstration. Not all of the capabilities of HapMed were used during the experiment due
to limitations of the system and time.
The HapMed system was assembled at 1030 for the students and used on a floor in
the bay area. When asked why not use a table, the instructor indicated that having the
mannequin based simulator on the ground is more realistic and what is expected in combat
emergency medical environments and also typical in buddying training environments. After
the installation of the equipment, SSG Justin Shaffer and Captain Adam Bickford discussed
the products and the plans for the day.

Conduct of the Experiment

Groups A and B – Phase I and Phase II
SSG Michael Priest, a medical instructor at MBTS worked in concert with SSG Justin
Shaffer throughout the study. At 1100 the SSG Justin Shaffer divided students into groups
randomly to formally prepare for the experiment. The first group of ten students arrived at
1105. Introductions to employees from Air Force Agency for Modeling and Simulation
(AFAMS), NCASC and Chi Systems were made with explanations of the research. The
importance of their participation and feedback were stressed. Additionally, an
introduction of the CricSim and HAPMED trainers were provided. The first group was
divided into two groups of five, labeled Groups A and B. Group A went to the area where
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HapMed was assembled with Dr. Koloney and Group B went to the area where CricSim was
assembled with Dr. Alan Liu. Due to limitations of time, formal classroom lectures were not
provided, instead basic orientation explaining the system features and demonstrations
were provided by Dr. Alan Liu and Dr. Samuel Koloney for the CricSim and the HapMed
system respectively. The orientation and demonstration were composed of ten minutes of
explanation of the system components and the procedures on how to conduct a
cricothyroidotomy using the simulators. After a ten minute explanation, each student in
each group was allowed ten minutes to practice performing the procedure with coaching as
required from either Dr. Liu or Dr. Koloney for the respective group. Some students took
more or less time than others practicing. It was apparent the students understood the
cricothyroidotomy procedures, but required familiarization on the use of the equipment.
After the orientation, the trainees were provided time to practice until 1205 using the
simulator under the supervision of the medical instructors SSG Shaffer, SSG Priest and the
support engineers.
After completion of phase 1 of training and practice at 1205, the experiment was
conducted. The first phase of experimentation – each student conducting the Emergency
cricothyroidotomy using either the HapMed or the CricSim depending on their Group
assignment - began at 1206 and completed at 1220. The time it took each participant to
perform the Emergency cricothyroidotomy was recorded. All completed the procedures on
the simulators in less than three minutes each. Additionally, SSG Justin and SSG Priest
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administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard assessment to
rate the student’s performance after each completed the experiment.
After completion of the Phase I of experimentation, group A and B swapped
simulator stations and Phase II of training and experimentation began at 1221. The same
process of orientation, demonstration and experimentation provided by Dr. Alan Liu and Dr.
Samuel Koloney for the CricSim and the HapMed system respectively occurred. Each
student was again allowed to practice for approximately ten on the respective system,
which took until 1321. Conduct of the Emergency cricothyroidotomy experimental portion
of Phase II started at 1321 and ended at 1336. The time it took each participant to perform
the Emergency cricothyroidotomy was recorded. All completed the procedures on the
simulators in less than three minutes each. Additionally, SSG Justin and SSG Michael Priest
administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard assessment to
rate the student’s performance after each completed the experiment.

Groups C and D – Phase III and IV
The second group of ten students arrived at 1338. Introductions of employees from
AFAMS, NCASC and Chi Systems were made with an explanation of the research. The
importance of their participation and feedback were stressed. The second group was
divided into two groups of five and labeled Groups C and D. Group C students went to
HapMed with Dr. Samuel Koloney and Group D visited CricSim with Dr. Alan Liu. The same
process for orientation, familiarization and experimentation occurred. Concurrently, Group
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D consisting of five medics received basic orientation and demonstration during phase III at
the CricSim station for ten minutes. After completion of training for Phase III at 1438, the
third phase of experimentation and began at 1438 and ended at 1453. The time it took each
participant to perform the Emergency cricothyroidotomy was recorded. All completed the
procedures on the simulators in less than three minutes each. Additionally, SSG Justin and
SSG Priest administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard
assessment to rate the student’s performance after each completed the experiment.
After completion of the Phase III of experimentation, group C and D swapped
simulator stations and Phase IV of training and experimentation began at 1455. The same
process for orientation, familiarization and experimentation occurred with sessions running
concurrently for both groups. After completion of training for Phase IV at 1555, the Phase IV
of experimentation began at 1555 and ended at 1610. The time it took each participant to
perform the Emergency cricothyroidotomy was recorded. All completed the procedures on
the simulators in less than three minutes each. Additionally, SSG Justin and SSG Priest
administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard assessment to
rate the student’s performance after each completed the experiment.

Groups E and F – Phase V and VI
The third group of twelve students arrived at 1616. Introductions of employees
from AFAMS, NCASC and Chi Systems were made with an explanation of the research.
The third group was split into two groups, six per group, labeled Groups E and F. Group E,
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students went to HAPMED and the remaining went over to CricSim, Group F. The same
process for orientation, familiarization and experimentation occurred. Concurrently, Group
F consisting of six medics received basic orientation and demonstration during phase V at
the CricSim station for ten minutes. After completion of training for Phase V at 1711, the
third phase of experimentation began and ended at 1729. The time it took each participant
to perform the Emergency cricothyroidotomy was recorded. All completed the procedures
on the simulators in less than three minutes each. Additionally, SSG Justin and SSG Priest
administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard assessment to
rate the student’s performance after each completed the experiment.
After completion of the Phase V of experimentation, group E and F swapped
simulator stations and Phase VI of familiarization and experimentation began at 1729. Since
this was the last group for the day, all was completed by 1834. The time it took each
participant to perform the Emergency cricothyroidotomy was recorded. All completed the
procedures on the simulators in less than three minutes each. Additionally, SSG Justin and
SSG Priest administered the Army’s Emergency cricothyroidotomy GO, NO/GO standard
assessment to rate the student’s performance after each completed the experiment.
During times of practice for the students, the instructors and engineers took periodic
times to break as needed.
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Student Data and Analysis
In all thirty two students participated in the experiment. Each participant conducted
the Emergency cricothyroidotomy on the HapMed and the CricSim. Originally, the
participants were to complete the surveys after their use of the virtual simulators. This did
not occur because there were other classes scheduled immediately after the
cricothyroidotomy training and preparations were necessary for the next day. The
instructor, SSG Shafner, reviewed the surveys prior to the experiment and believed that the
students would not have time to complete the surveys thoroughly due to their schedule.
After completing the experiment, the students immediately went into another classroom
setting for other instruction and planning for the next day. In a subsequent classroom
setting, SSG Justin provided instruction of the completion of the surveys and allowed the
students to ask questions for clarifications. The students were provided a hardcopy of
surveys to take home and twenty-six out of thirty-two of the surveys were returned the
next day. Many of the students provided detailed responses in the surveys. Twenty six out
of thirty two is an acceptable response rate. The typical expectation is over 90%, but
81.25% response rate may be sufficient.
A survey's response rate is viewed as an important indicator of survey quality. Many
observers presumed that higher response rates assure more accurate survey results (Aday
1996; Babbie 1990; Backstrom and Hursh 1963; Rea and Parker 1997). But because
measuring the relation between non-response and the accuracy of a survey statistic is
complex and expensive, few rigorously designed studies provided empirical evidence to
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document the consequences of lower response rates. Recent studies conducted, challenge
the presumption that a lower response rate means lower survey accuracy.
Visser, Krosnick, Marquette and Curtin (1996) demonstrated that surveys with
lower response rates (near 20%) yielded more accurate measurements than surveys with
higher response rates (near 60 or 70%). In another study, Keeter et al. (2006) compared
results of a five day survey employing the Pew Research Center’s usual methodology (with a
25% response rate) with results from a more rigorous survey conducted over a much longer
field period and achieving a higher response rate of 50%. As a result of the 77 out of 84
comparisons, the two surveys yielded results that were statistically indistinguishable.
A study by Curtin et al. (2000) tested the effect of lower response rates on estimates
of the Index of Consumer Sentiment (ICS). They assessed the impact of excluding
respondents who initially refused to cooperate or those requiring multiple follow-up in calls
reducing the response rate by 5-50 percentage points. The researchers found no effect of
excluding these respondent groups on estimates of the ICS using monthly samples of
hundreds of respondents.
Holbrook et al. (2005) conducted research involving an assessment on lower
response rates are and the association with less unweighted demographic
representativeness of a sample. Eighty one national surveys were examined with response
rates varying from 5 percent to 54 percent. The findings revealed that surveys with much
lower response rates were only minimally less accurate.
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While the surveys were not administered immediately after the event, the delay in
completing the survey is not considered to have a significant adverse effect on the results.
This assessment is based on findings from previous research in recognition and recall.
Recognition and recall are two primary methods of accessing memory. Recognition is
defined as the association of an event or physical object which one previously experienced
or encountered, and involves a process of comparison of information with memory, such as
recognizing a known face, true/false or multiple choice questions (http://www.humanmemory.net/processes_recall.html). Recall involves remembering a fact, event or object
that is not currently physically present and requires the direct uncovering of information
from memory (http://www.human-memory.net/processes_recall.html). Examples also
include remembering the name of a recognized person, fill-in the blank questions, etc.
Recognition requires a one step process, whereas recall requires a two-step process. The
two step process is referred to as the two stage memory process (http://www.humanmemory.net/processes_recall.html). Recall involves reconstruction of the information and
the activation of all the neurons involved in the memory in question, whereas recognition
only requires a relatively simple decision as to whether one thing among others has been
encountered before. For the trainees to complete the survey questions fully pertaining to
their use of the virtual trainers during that day, the recall method was exploited. Previous
research indicates recall as a sufficient method (http://www.humanmemory.net/processes_recall.html). According to the levels-of-processing effect theory,
Fergus Craik and Robert Lockhart, (Craik and Lockhart 1972) suggest memory recall of
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stimuli is also a function of the depth of mental processing, which is in turn determined by
connections with pre-existing memory, time spent processing the stimulus, cognitive effort
and sensory input mode (http://www.human-memory.net/processes_recall.html). On the
other hand, minimal processing leads to a relatively fragile memory trace that is susceptible
to rapid decay, whereas deep processing results in a stronger memory trace. This theory
suggests, that memory strength is continuously variable, as opposed to the earlier studies
from Atkinson and Shiffrin, 1968, or multi-store, memory model, which just involves a
sequence of three discrete stages, from sensory to short-term to long-term memory
(http://www.human-memory.net/processes_recall.html). While the surveys were not
administered immediately after the event, but in the evening after the training occurred,
the delay in completing the survey is not considered to have a significant adverse effect on
the results. Since the students experienced orientation on the specific features of the
trainers, an opportunity to use the virtual trainers, and open ended discussions onsite after
their experience and capabilities of the trainers, delayed response to the survey should not
pose a problem. The students were able to reflect on their experiences that night and
returned the surveys the next day.

Open-Ended Discussions with Students
To gain opened-ended feedback, the author performed face-to-face discussions with
students and instructors after the procedure in a separate area in the open bay area as
students completed their familiarization with the trainers. Comments were documented on
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paper and later composed in a Microsoft Word document in Appendix J. Based on the
open-ended discussions, all of the students appeared to be motivated regarding the
insertion of new technology in the classroom. The majority of the students expressed
positive comments regarding the features about both trainers. Some offered comments to
improve realism and fidelity on both trainers. The majority of the students were impressed
with the technology of the CricSim trainer, but two individuals expressed that the haptic
enabled device was awkward with hands. Some respondents recommended that instead of
the haptic device, hands touch directly on the screen to perform the procedure. Three
believed that the CricSim was a neat technology with the three dimensional view, but did
not exercise all of the steps when performing the procedure. Five believed that the
HapMed provided the majority of the steps and were more comfortable with this trainer
since it was mannequin based. There were some issues with the HAPMED which required
instructor intervention. There were limitations on the number of skin overlays with blood
that were available to the students. The recording of the student’s performance or status
was not working at the beginning on both trainers. Despite these issues, with technical
instructor support, the students still responded overall positively. One student asked if they
could receive a combination of features from both trainers into one. Two students asked
what other products for training the cricothyroidotomy procedure were available. The Cut
suit by Strategic Operations and the live actor cricothyroidotomy virtual trainer Virtual
Reality Medical Center were mentioned. One student asked when the next baseline of
HapMed and CricSim would be released.
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Instructor’s Feedback on Trainers
Two instructors reviewed the trainers and the GO/NO assessment in Appendix D
utilized to evaluate the combat medics on the cricothyroidotomy procedure. Based on the
steps outlined in the evaluation procedure, it was determined that not all of the steps could
be followed using both virtual trainers, but both trainers would allow the instructor to
evaluate the medics ability to locate the cricothyroid membrane, make the incision and
insert the trachea. Table 7 below represents the instructor’s evaluation of the trainers’
ability to perform functions based on the combat’s evaluation procedures.
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Table 7. Virtual Task Comparisons

Survey Power and Alpha Error Analysis
Data collection using the four surveys occurred after the use CricSim and HapMed
virtual trainers during an Advanced Airway Management class at the MBTS and resulted in
twenty six surveys.
149

Within the G Power analysis tool, the effect size conventions appear synchronously
depending on the test selected. The distinction between 'large', 'medium' and 'small' effect
sizes is designed to assist in specifying the kind of effect you expect when you have no other
source but your 'intuition' (Cohen 1977, 1978). Analysis for all three were run, but the
medium effect size (.50) was used because that is typically a large enough effect size to be
seen with the naked eye referencing an article by Jacob Cohen of New York University,
1992.
Cohen (1977, 1988) justifies effect sizes values for “intuition” levels shown in
Table 8.

Table 8. Recommended effect size values for identified “intuition” level

When calculating the required sample size, the G Power recommendation of twenty
eight is identified below in Table 9. This would provide more significance, but the sample
size of twenty six provides adequate significance.
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Table 9. . Statistics Output from G Power for effect size of .5, Power of .8 and Sample Size of
28

Based on a power of .8 and a sample size of 26, G Power indicates an “x err prob”
value of 0.056 as shown below in Figure 36. This error probability was deemed acceptable
and statistically significant for analysis.
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Figure 36. Graphical Display of Computation of α err probability with effect size of .5, Power
of .8 and Sample Size of 26

Participant Demographics
Tables 10-19 reports participant profile or demographic data collected through the
survey and of the combat medic overall population. The Department of the Army US Army
Human Resources Command (HRC) in Fort Knox, Kentucky was contacted to obtain the
demographics on the combat medics. An official request for information was entered under
the Freedom of Information Act. The request was referred to the US Army Medical
Department (AMEDD). Demographic data from the active military was provided by Stephen
C. Paskos, a military human resource specialist supporting the Personnel Proponent Division
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of the US Army Medical Department Center and School (AMEDDCS). Data from the active
military population is compared from the sample population using Chi Square Analysis. The
demographic data is dynamic as members of the U.S. Army leave service or new members
enter.
The Chi-square statistical is used to compare actual demographic data of the sample
population taken from responses to question three on the survey at Appendix I,
CRICSIM/HAPMED TAM Survey and target population while determining the significance of
the data between the two populations. How much deviation that is observed may conclude
that something other than chance is at work, causing the observed to differ from the
expected.
Table 10 addresses the gender of the participants and general population. As
portrayed below, the majority of the combat medics are male.

Table 10. Participant Gender

Based on the use of the chi square calculation, the P value from the chi-square test
for trend answers this question: If there is no linear trend between row (column) number
and the fraction of subjects in the left column (top row), what is the chance that you would
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happen to observe such a strong trend as a coincidence of random sampling?
(http://www.graphpad.com/articles/interpret/contingency/contin_tables.htm). The
calculation is accomplished through the use of the chi-square tests of goodness of fit and
independence interactive tool built by Vanderbilt University.
These tests are used to detect group differences using frequency (count) data.

According to K.J Preacher (Preacher, 2001), if the scientific notation is seen for the pvalue - that simply means that p is really small. This tool also yields a chi-square
incorporating Yates' correction for continuity. According to Preacher, this correction is
often used to improve the accuracy of the null-condition sampling distribution of chisquare. It is also mentioned that in the 2 x 2 case of the chi-square test of independence,
expected frequencies less than five are usually considered acceptable if Yates' correction is
utilized.
The results of the calculation for the Chi-Square test performed by the Vanderbilt
interactive calculation tool for chi-square based on gender is provided in Table 11.
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Table 11. Chi Square Calculation for Gender

Interactive calculation tool for chi-square tests of goodness of fit and independence.
Source: http://www.quantpsy.org/chisq/chisq.htm

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that the sample distribution is
representative of the target distribution. Based on the P value of 0.2679 shown in Table 10
above, the null hypothesis of equivalence of GENDER between the sample population and
the target population cannot be rejected and the assumption of equivalence between the
sample population and the target population accepted.
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Table 11 provides participant profile or demographic data on age taken from
responses to question two on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. As
indicated in the tables 10 and 11, combat medic participants in the experiment were largely
male and under 30.

Table 12. Participant Age

The results of the calculation for the Chi-Square test performed by the Vanderbilt
interactive calculation tool for chi-square based on age is provided in Table 13.
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Table 13. Chi Square Calculation Participant Age

Interactive calculation tool for chi-square tests of goodness of fit and independence.
Source: http://www.quantpsy.org/chisq/chisq.htm

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that the sample distribution is
representative of the target distribution. Based on the P value of 0.9783 shown in Table 13
above, the null hypothesis of equivalence of AGE between the sample population and the
target population cannot be rejected and the assumption of equivalence between the
sample population and the target population accepted. Table 12 provides participant
profile or demographic data on education taken from responses to question five on the
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survey at Appendix I, CRICSIM/HAPMED TAM Survey. The majority of the students
possessed high school diplomas with only a small percentage of participant earning
associate or bachelor degrees. A large percentage did, however, complete some college
beyond high school.

Table 14. Participant Education

The results of the calculation for the Chi-Square test performed by the Vanderbilt
interactive calculation tool for chi-square based on education is provided in Table 15.
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Table 15. Chi-Square Test Participant Education

Interactive calculation tool for chi-square tests of goodness of fit and independence.
Source: http://www.quantpsy.org/chisq/chisq.htm

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that the sample distribution is
representative of the target distribution. Based on the P value of 0.0000 shown in Table 15
above, the null hypothesis of equivalence of EDUCATION between the sample population
and the target population CAN be rejected and the assumption of equivalence between the
sample population and the target population NOT accepted. A careful look at the raw data
indicates the rejection of equivalence between the sample and the target data is based on
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the higher level of education of the sample population with respect to the target
population.
Figure 37 below represents the current enlisted rank insignia of the United States
Army. The following figure conveys the military ranking of the personnel participating
taken from responses to question four on the survey at Appendix I. The majority of the
personnel were Enlisted Six (E6), which is a Staff Sergeant, with the Enlisted Four (E4,) which
is a Special Class Specialist being second in place.

Figure 37. United States Enlisted Rank Insignia
Source: http://en.wikipedia.org/wiki/United_States_Army_enlisted_rank_insignia
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Table 16. Participant Military Ranking

Table 17. Chi-Square Test Participant Military Ranking
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This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that the sample distribution is
representative of the target distribution. Based on the P value of 0.0000 shown in Table 16
above, the null hypothesis of equivalence of RANK between the sample population and the
target population CAN be rejected and the assumption of equivalence between the sample
population and the target population NOT accepted. A careful look at the raw data
indicates the rejection of equivalence between the sample and the target data is based on
disproportionate number of participants at the E1-E3 and the higher level of ranks E6 and
E7 of the sample population with respect to the target population.
Table 18 provides participant profile or demographic data on number of
cricothyroidotomy training hours taken from responses to question six on the survey at
Appendix I, CRICSIM/HAPMED TAM Survey. Reporting sample participants experienced
some level of training on cricothyroidotomy with 42.3% reporting three to nine hours of
prior training and 30.8% reporting greater than twenty four of prior training. The class
taught by the instructor at MBTS was considered advanced.
Typically, combat medic students complete their required basic combat training for
a total of ten weeks. This includes a basic lifesaver course, which addresses airway
management. After graduating from this training, they then complete a sixteen weeks
advanced individual training course at Ft Sam Houston, Texas. This training is designed for
specific skills such as emergency lifesaving procedures. According to LTC Leto Vincent, the
amount of cricothyroidotomy training varies due to the class and the instructor’s
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preference. Twice year training is offered, approximately two hours for the combat medics
to receive orientation and further hone their skills, but the focus is on the student’s
demonstration of their qualification in emergency techniques such as the cricothyroidotomy
surgical procedure. According to information provided within a brief by Col Bruce D
Adams, MD, Chief of Clinical Investigation of William Beaumont Army Medical Center
(Adams, 2007), the total amount of airway management training for the combat medic
prior to deployment is eight hours or less.
Given this information, the appropriate statistical comparison between sample and
target population is the binomial test of proportion where the proportion of 100% of the
target population received eight or less hours of training (Daniel, 1978, pg 47). Consistent
with our prior tests, we assume with a 95% confidence that the proportions in our sample
are representative of our target population.
The categories used for collecting training time from the sample population used the
categories shown in 18. As a lesson learned, the 3-9 category would have been better
stated as 3-8 so as to correspond to the eight or less hours of training a graduate of
advanced individual training might be expected to have received.
Even if all the individuals in the 3-9 category were 3-8, the result would indicate that
13 of the 26 reporting participants were representative of target population and 13 were
not. Computing the random variable binominal for 13 successes of 26 draws given a 95%
likelihood of 100% success yields a value of 6.52 x 10-11which is an extremely unlikely event
and far below our expected range of .05
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(http://www.solvemymath.com/online_math_calculator/statistics/discrete_distributions/bi
nomial/pdf_binomial.php). A careful look at the raw data forms a basis for the rejection.
This was an advanced airway management course and more experienced combat medics on
the cricothyroidotomy procedure were expected. Deployments to overseas locations during
combat operations exposed the medics to more opportunities to perform the procedures.
The sample population is NOT representative of the target population for the amount of
TRAINING HOURS but rather the sample population has more training hours in terms of
proportion of the population having more than eight hours as well as greater mean, mode,
and median of hours than the target population. Table 18 displays prior training hours.

Table 18. Participant Prior Cricothyroidotomy Training Hours

Table 19 provides participant profile or demographic data on how many
cricothyroidotomies were performed on live patients taken from responses to question
seven on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. Based on
documentation from LTC Vincent Leto and Dr. William Bruce, very few combat medics have
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experience in performing the Cric on live patients prior to deployment. Again, using the
binomial test for proportion where we assume a 95% level of confidence that 100% of the
sample are assumed to have NEVER performed the procedure on a live patient, then given
the sample population of 26 with 24 Never performed successes, the binomial distribution
indicates that probability distribution of this event is .237. .237 is within our accepted range
of .05. Therefore we accept the sample population as being representative of the target
population in terms of never having PERFORMED ON LIVE PATIENTS despite the fact two of
the twenty six individuals has previously performed on live patients.

Table 19. Cricothyroidotomy performed on live patients

Though NOT critical to our analysis, Table 19 provides participant profile or
demographic data on the participant’s success of performing cricothyroidotomies when
performed on live patients taken from responses to question eight on the survey at
Appendix I, CRICSIM/HAPMED TAM Survey. Of the two participants of twenty six who
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performed the procedure on a live patent, one had a 90% success rate and one with 100%
success rate as displayed in Table 20 below.

Table 20. Success of Performing Cricothyroidotomy on live patients

HapMed Post Experiment Results
The Wilcoxon Paired Signed Rank Test (PSRT) tool
(http://www.stattools.net/Wilcoxon_Pgm.php) for non-parametric paired differences is
used to calculate the P Value and test the null hypothesis of ambivalence of the response
for each of the questions in the post experimental data collected from the trainees for each
system assesses the trainees’ post experimental responses. The likert scale is used to
evaluate ambivalence of responses as indicated in Table21 below.

166

Table 21. Scale

Table 22 addresses the LEARNING TO OPERATE HapMed WOULD BE EASY in
question eight on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. When asked
the question if learning to operate HAPMED would be easy, the majority of the students
report favorable rating (extremely likely). Only a small percentage report unfavorable
ratings. The results indicate the likelihood of this capability providing ease of use. The
majority believed it would be extremely capable with quite likely following as the second
highest rating. Figure 38 outlines the results below.
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Table 22. Learning to operate the HapMed would be easy

Figure 38. Learning to Operate HapMed Would Be Easy Wilcoxon PSR – Calculations
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that learning to operate the HapMed
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would be easy for combat medic. Based on a p value of p = < 0.0002 shown in Figure 39 the
null hypothesis for ambivalence toward the statement “Learning to operate the HapMed
would be easy” for the sample population CAN be rejected. The sample population is not
ambivalent about the “Learning to operate the HapMed would be easy,” rather as indicated
in Figure 39 the mode of population indicates learning to operate the HapMed would be
easy is extremely likely, the median is quite likely, and the average is 1.89 (quite likely).

Figure 39. Learning to Operate HapMed Would Be Easy

Table 23 addresses the potential of building skill in cricothyroidotomy using HapMed
question nine on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. When asked if it
would be easy to become skillful at performing a Cricothyroidotomy using the HapMed, the
majority of the participants reported that this trainer had great potential in assisting them
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in becoming skillful at in cricothyroidotomy. The results indicate the likelihood of this
capability building skill with use. The majority believed it would be quite and extremely
likely. The ratings were the same for both. Table 23 outlines the results below.

Table 23. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the HapMed

170

Figure 40. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the HapMed Wilcoxon PSR Test Results
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p ≤
.05 is a basis for rejection of the null hypothesis that it would be easy for me to become
skillful at performing a Cricothyroidotomy using the HapMed.
Based on a p value of <0.0001 shown in Figure 40 the null hypothesis for ambivalence
toward the statement, “It would be easy for me to become skillful performing a
Cricothyroidotomy using HapMed” for the sample population CAN be rejected. The sample
population is not ambivalent about the “It would be easy for me to become skillful
performing a Cricothyroidotomy using HapMed” rather as indicated in Figure 41 the mode
of population indicates it is easy to become skillful at performing the Cricothyroidotomy is
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extremely likely, the median is quite likely and average is 1.65.

Figure 41. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the HapMed - Skill Potential

Table 24 addresses the participant’s clarity and visual experience. When asked if
their visual interaction within HapMed was clear and understandable in question ten on the
survey at Appendix I, CRICSIM/HAPMED TAM Survey. The majority of the participants
provided the highest favorable rating, extremely likely. The results indicate the likelihood
of this capability providing the appropriate level of fidelity for visual interaction with use.
The majority believed the capability would be extremely likely with quite likely in second
place following as the second highest rating. Table 24 provides the results below.
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Table 24. Participant Clarity and Visual Interaction with HapMed

Figure 42. Wilcoxon PSR Test for Visual Interaction with HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
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This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that Visual Interaction within HapMed is
clear and understandable. Based on a p value of <0.0002 shown in Figure 42 the null
hypothesis for ambivalence toward the statement, “Visual Interaction with HapMed is clear
and understandable” for the sample population CAN be rejected. The sample population is
not ambivalent about the “Visual Interaction with HapMed is clear and understandable”
rather as indicated in Figure 43 the mode of population indicates the use of HapMed’s clear
and understanding attributes are quite likely, median is quite likely and the average is .80.

Figure 43. Participant Visual Interaction and Clarity Using HapMed
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Table 25 addresses the participant’s sense of touch interaction. When asked if their
tactile or sense of touch interactions within HapMed were clear and understandable
question eleven on the survey at Appendix I, CRICSIM/HAPMED TAM Survey, the ratings of
the participants were very favorable. The results indicate the likelihood of this capability
providing the appropriate level of fidelity for haptics or sense of touch interaction with use.
The majority believed it would be quite likely capable and extremely likely following as the
second highest rating. Table 25 outlines the results below.

Table 25. Participant Sense of Touch Interaction Using HapMed
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Figure 44. Wilcoxon PSR Test Sense of Touch Interaction using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
This research assumes that an observed probability of a sample distribution where p ≤
.05 is a basis for rejection of the null hypothesis that the tactile (sense of touch) interactions
within HapMed were clear and understandable. Based on a p value of <0.0001 shown in
Figure 44 the null hypothesis for ambivalence toward the statement, “My tactile (sense of
touch) interactions within HapMed were clear and understandable” for the sample
population CAN be rejected. The sample population is not ambivalent about the “My tactile
(sense of touch) interactions were clear and understandable” rather as indicated in Figure
45 the mode of population indicates tactile interactions extremely and the median is quite
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likely and the average is 1.80.

Figure 45. Participant Sense of Touch Interaction using HapMed

Table 25 addresses the participant’s sense of force feedback. When participants
were asked if their sense of force feedback within HapMed is realistic and recognizable in
question twelve on the survey at Appendix I, CRICSIM/HAPMED TAM Survey, the majority
reported a favorable rating. Table 26 outlines the results below.
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Table 26. Participant Sense of Force Feedback Interaction Using HapMed

Figure 46. Wilcoxon PSR for Participant Sense of Force Feedback Interaction Using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
This research assumes that an observed probability of a sample distribution where p ≤
.05 is a basis for rejection of the null hypothesis that the sense of force feedback within
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HapMed is realistic and recognizable. Based on a p value of <0.0001 shown in Figure 46, the
null hypothesis for ambivalence toward the statement, “My sense of force feedback within
HapMed is realistic and recognizable” for the sample population CAN be rejected. The
sample population is not ambivalent about the “My sense of force feedback within HapMed
is realistic and recognizable,“ rather as indicated in Figure 47 the mode of population
indicates the use of tactile interactions in HapMed are quite likely, the median is quite
likely and the average is 1.65.

Figure 47. Participant Sense of Force Feedback Interaction HapMed

Table 26 addresses the participants’ response when students were asked if they
would recommend the HapMed virtual trainer to other students in question thirteen on the
survey at Appendix I, CRICSIM/HAPMED TAM Survey. Given the binary choice, the vast
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majority of the participants reported a positive response indicating that they would
recommend the trainer to others. Table 27 outlines the details below.

Table 27. Participant YES/NO Recommendation of HapMed

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that relates to the recommendation of
HapMed with a Beta error rate of 20%. The random likelihood to observe 2 or more failures
out of 26 draws in a population with an overall 95% recommendation is 37.59%. This
represents a 37.59% possibility of a Beta error by randomly drawing 2 or more NOT
RECOMMENDING the HAPMED to potential trainees even if the underlying population is
95% receptive to HapMed. Thus a more careful examination of the demographics of the
individuals not recommending the HAPMED is appropriate. Examination of the data
indicates that one E6 and one E5 did not recommend the HAPMED. The E6 had successfully
performed the cric procedure on a live patient. The implications of this negative data will be
discussed in further detail in a subsequent section below.
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Based on the null hypothesis of 95% confidence in the statement, “Do you
recommend HapMed“ for the sample population must be rejected since only 92.3% of the
sample population provided a “HapMed recommendation.” From the perspective of a
binominal response, statistically there is a 37.59% chance of a Beta error that based on
random selection alone 2 or more individuals would NOT recommend the HapMed even if it
actually had an underlying 95% recommendation rate. Thus, while we must reject the
notion that the population recommends HapMed at a 95% rate, there exists a large
possibility that our rejection is incorrect.

Figure 48. HapMed Recommendation

CricSim Post Experiment Results
Data results pertaining to the TAM Survey in reference to the CricSim trainer are
provided. The student’s post experiment responses pertaining to the use CricSim are
presented. Table 28 addresses the participant’s LEARNING TO OPERATE CRICSIM WOULD
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BE EASY survey question referenced in Appendix I. When participates were asked if learning
to operate the CricSim virtual trainer would be easy, in question one on the survey at
Appendix I, CRICSIM/HAPMED TAM Survey, the majority reported the highest favorable
rating. Table 28 outlines the results below.

Table 28. Learning to operate the CricSim would be easy
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Figure 49. Wilcoxon PSR Test Calculation for Learning to operate the CricSim would be easy
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis that learning to operate the CricSim
would be easy. Based on a p value of <0.0001 shown in Figure 49, the null hypothesis for
ambivalence toward the statement, “Learning to operate the CricSim would be easy for me”
for the sample population CAN be rejected. The sample population is not ambivalent about
the, “Learning to operate the CricSim would be easy for me”, rather as indicated in Figure
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50 the mode of population indicates LEARNING TO OPERATED WOULD BE EASY with
CricSim is extremely, the median is quite likely and the average is 2.23.

Figure 50. Learning to operate the CricSim would be easy

Table 29 addresses the participant’s potential or easiness in building
cricothyroidotomy skill using CricSim as referenced in Appendix I. When participants were
asked if it would be easy for them to become skillful at performing a Cricothyroidotomy
using the CricSim in question two on the survey at Appendix I, CRICSIM/HAPMED TAM
Survey, the majority provided a favorable rating. The results indicate the likelihood of this
capability building skill with use. The majority believed it would be quite likely with
extremely likely following as the second highest rating.
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Table 29. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the CricSim

Figure 51. Wilcoxon PSR Test Calculation for It would be easy for me to become skillful at
performing a Cricothyroidotomy using the CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
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This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis, “It would be easy for me to become
skillful at performing a Cricothyroidotomy using the CricSim”. Based on a p value of 0.0003
shown in Figure 51, the null hypothesis for ambivalence toward the statement, “It would be
easy for me to become skillful at performing a Cricothyroidotomy using the CricSim” for the
sample population CAN be rejected. The sample population is not ambivalent about the, “It
would be easy for me to BECOME SKILLFUL at performing a Cricothyroidotomy using the
CricSim,” rather as indicated in Figure 52, the mode of population indicates is quiet likely
followed by a close extremely likely, the median is quite likely and the average is 1.61.

Figure 52. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the CricSim
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Table 30 addresses the participant’s visual interaction with CricSim. When
participants were asked if their visual interaction within CricSim is clear and understandable
question three on the survey at Appendix I, CRICSIM/HAPMED TAM Survey, the majority
provided favorable ratings. The results indicate the likelihood of this capability providing
the appropriate level of fidelity for visual interaction with use. The majority believed it
would be quite likely capable with extremely likely following as the second highest rating.
Table 30 outlines the results below.

Table 30. CricSim Visual Interaction and Clarity
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Figure 53. Wilcoxon PSR Test CricSim Visual Interaction and Clarity
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis, “My visual interaction within CricSim is
clear and understandable.” Based on a p value of <0.0001 shown in Figure 53, the null
hypothesis for ambivalence toward the statement, “My visual interaction within CricSim is
clear and understandable” for the sample population CAN be rejected. The sample
population is not ambivalent about the, “My visual interaction within CricSim is CLEAR AND
UNDERSTANDABLE”, rather as indicated in Figure 54 the mode of population indicates the
use of CricSim visual interaction capability is quite likely, then followed by extremely
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likely, the median is quite likely and the average is 1.96.

Figure 54. CricSim Visual Interaction and Clarity

Table 31 addresses the participant’s sense of touch with CricSim question four on
the survey at Appendix I, CRICSIM/HAPMED TAM Survey. When participants were asked to
rate their experience to the degree to which their tactile or send of touch interactions
within interactions within CricSim were clear and understandable, the ratings were
favorable as identified in Table 31 below. The results indicate the likelihood of this
capability providing the appropriate level of fidelity for sense of touch interaction with use.
The majority believed it would be quite likely capable with extremely likely following as the
second highest rating.
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Table 31. CricSim Sense of Touch Interactions

Figure 55. Wilcoxon PSR Test for CricSim Sense of Touch Interactions
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
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This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis, “The tactile (sense of touch) interactions
within CricSim were clear and understandable.” Based on a p value of <0.0001 shown in
Figure 55, the null hypothesis for ambivalence toward the statement, “My tactile (sense of
touch) interactions within CricSim were clear and understandable” for the sample
population CAN be rejected. The sample population is not ambivalent about the, “My
TACTILE (sense of touch) interactions within CricSim were CLEAR AND UNDERSTANDABLE”,
rather as indicated in Figure 56 the mode of population indicates the use of CricSim tactile
interaction capability is quite likely, then followed by extremely likely, the median is
quite likely and the average is 1.76.

Figure 56. CricSim Sense of Touch Interactions
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Table 32 addresses the participant’s sense of force feedback with CricSim in
question five on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. When
participants were asked to rate their experience with the degree to which their sense of
force feedback within CricSim were realistic and recognizable, the ratings were favorable as
identified in Table 32 below. The results indicate the likelihood of this capability providing
the appropriate level of fidelity for haptic or force feedback with use. The majority believed
it would be quite likely capable with extremely likely following as the second highest rating.

Table 32. Sense of force feedback within CricSim is realistic and recognizable
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Figure 57. Wilcoxon PSR Test for Sense of force feedback within CricSim is realistic and
recognizable
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis, my sense of force feedback within
CricSim is realistic and recognizable.” Based on a p value of <0.0001 shown in Figure 57, the
null hypothesis for ambivalence toward the statement, “My sense of force feedback within
CricSim is realistic and recognizable” for the sample population CAN be rejected. The
sample population is not ambivalent about the, “My sense of force feedback within CricSim
is realistic and recognizable.”, rather as indicated in Figure 58 the mode of population
indicates the use of CricSim FORCE FEEDBACK capability is quite likely, then followed by
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extremely likely, the median is quite likely and the average is 1.76.

Figure 58. Force Feedback within CricSim is realistic and recognizable

Table 33 reflects the participant’s response to their recommendation of CricSim
question six on the survey at Appendix I, CRICSIM/HAPMED TAM Survey. Given the binary
choice, the vast majority of the participants indicated that they would recommend CricSim
as indicated below in Table 33.
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Table 33. CricSim Recommendation

The test performed used “1” for the “Yes” response and “0” for the “No” response.
This research assumes that an observed probability of a sample distribution where p ≤ .05 is
a basis for rejection of the null hypothesis related to the recommendation of CricSim at a
Beta error rate of 20%. The likelihood to randomly observing 3 or more failures out of 26
draws in a population with an overall 95% recommendation is 13.86% for CricSim as
opposed to the 37.59% to randomly observe 2 or more failures out of 26 draws for
HapMed. This likelihood of randomly seeing 3 or more NOT RECOMMENDING CricSim is
below our 20% likelihood of committing a Beta error and therefore indicates a greater
likelihood that the rejection rate is not due to randomness alone. Similar to HapMed, a
more careful examination of the demographics of the individuals not recommending the
CricSim is appropriate. Examination of the data indicates that two E6’s and one E7 did not
recommend CricSim.
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Both E6’s had successfully performed the cric procedure on a live patient with one
having performed the procedure eleven times on live patients. The implications of this
negative data will be discussed in further detail in a subsequent section below. Since only
88.5% of the sample population could provide a “CricSim recommendation” we must reject
CricSim at the 95% acceptance level. Further, from the perspective of a binominal
response, statistically there is a 13.86% that based on random selection alone 3 or more
individuals would NOT recommend the CricSim even if it actually had an underlying 95%
recommendation rate. This is less than our 20% likelihood of a Beta error. Thus we must
reject the notion that the population recommends CricSim at a 95% rate.

Post Experimental NASA Task Load Index Reporting
NASA-TLX was used to perform subjective workload assessments on trainees for four
tasks using HapMed and four tasks using CricSim. NASA-TLX is a multi-dimensional rating
procedure that derives an overall workload score based on a weighted average of ratings on
six subscales. Subscales include Mental Demands, Physical Demands, Temporal Demands,
Performance, Effort and Frustration. Each task for HapMed and for CricSim was assessed
for workload making for 24 assessments of HapMed and 24 assessments of CricSim using
the NASA-TLX. For example, mental demand addresses how mentally demanding were the
tasks. Physical demand addresses how physically demanding were the tasks. Temporal
demand refers to how hurried or rushed was the pace of the tasks. Performance refers to
how successful the trainee was in accomplishing the tasks. Effort measures how hard did
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the trainee have to work to achieve their level of performance? Frustration refers to how
discouraged, irritated, stressed and annoyed were the trainees.
According to Hart and Staveland’s NASA Task Load Index (TLX) method assesses
work five seven point scales
(http://humansystems.arc.nasa.gov/groups/TLX/downloads/TLXScale.pdf). Increments of
high, medium and low estimates for each point resulting in 21 theoretical gradations on the
scales. For consistency with the TAM analysis, responses to each of the six subscales of the
NASA TLX were converted into the underlying seven level scales. The scale is shown at
Table 33 with the end points Low and High preserved just as seen by the participants on the
NASA TLX scale. Each increment shown in Table 34 indicates a grouping of three responses
from the NASA TLX.

Table 34. Underlying seven-level NASA TLX Response Scale
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Table 35. Scale and Ratings for NASA TLX

The trainees provided their assessment of HapMed and CricSim based on four major
tasks of the cricothyroidotomy procedure; the location of the cricothyroid membrane,
palpation of the membrane, cutting through the membrane, and the insertion of the Lt
tube or cannula. The scale used consisted of the following identified in Table 35.

HapMed
The following sections reports on assessment of HapMed, an example of a
mannequin Modeling and Simulation implication, evaluated as a case study for training
Cricothyroidotomy. Data and analysis of four cricothyroidotomy tasks are present in terms
of task load using the NASA TLX six dimensions. In total 24 assessments are presented
below.
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Task 1 – Correctly locating the cricothyroid membrane using HapMed
Data and Analysis for Mental Demand:
Table 36 provides the participant’s ratings of HapMed based on Task 1 locating the
cricothyroid membrane survey question as referenced in Appendix C.

Table 36. TASK 1 – MENTAL DEMAND in correctly locating the cricothyroid membrane using
HapMed
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Figure 59. TASK 1 - Wilcoxon PSR Test of ambivalence MENTAL DEMAND in correctly
locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding ambivalence about the MENTAL
DEMAND of locating cricothyroid membrane task using HapMed. Based on a p value of
0.0063 shown in Figure 59, the null hypothesis for ambivalence toward the question, “How
mentally demanding was the locating cricothyroid membrane task using HapMed?,” CAN be
rejected. The sample population is not ambivalent about, “How MENTALLY DEMANDING
was locating cricothyroid membrane task using HapMed?”, rather as indicated in Figure 60
the mode of sample population indicates that 35% considered the MENTAL DEMAND of
HapMed for performing Task 1 of locating the cricothyroidotomy is low (-3) while the
average for the population of -1.23 and a median of -2 tend toward low. 12% reported the
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mental demand as neither high nor low. 12% of the trainees also believed that the mental
demand was high.

Figure 60. TASK 1 – MENTAL DEMAND in correctly locating the cricothyroid membrane using
HapMed
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Data and Analysis for Physical Demand:
Table 37. TASK 1 – PHYSICAL DEMAND in correctly locating cricothyroid membrane using
HapMed
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Figure 61. TASK 1 – Wilcoxon PSR Test of ambivalence PHYSICAL DEMAND in correctly
locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis ambivalence about the PHYSICAL
DEMAND on locating cricothyroid membrane task using HapMed? Based on a p value of
0.0003 shown in Figure 61, the null hypothesis for ambivalence toward the question, “How
PHYSCIALLY DEMANDING was the locating cricothyroid membrane task using HapMed?,”
CAN be rejected. The sample population is not ambivalent about, “How PHYSICALLY
DEMANDING was locating cricothyroid membrane task using HapMed?”, rather as indicated
in Figure 62 the mode of sample population indicates that 50% considered the PHYSICAL
DEMAND of HapMed for performing Task 1 of locating the cricothyroidotomy is low (-3)
while the average for the population of -1.80 and a median of -2.5 tend toward low. 12%
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reported the PHYSICAL DEMAND as neither high nor low. 12% of the trainees also believed
that the PHYSICAL DEMAND was high.

Figure 62. Task 1 PHYSICAL DEMAND in correctly locating cricothyroid membrane using
HapMed
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Data and Analysis for Temporal Demand:
Table 38. TASK 1 TEMPORAL DEMAND in correctly locating cricothyroid membrane using
HapMed
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Figure 63. . TASK 1 - Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND in
correctly locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND on
locating cricothyroid membrane task using HapMed? Based on a p value of 0.0012 shown in
Figure 63, the null hypothesis for ambivalence toward the question, “How TEMPORALLY
DEMANDING (hurried or rush) was the locating cricothyroid membrane task using
HapMed?,” CAN be rejected. The sample population is not ambivalent about, “How
temporally demanding was locating cricothyroid membrane task using HapMed?”, rather as
indicated in Figure 64 the mode of sample population indicates that 38% considered the
temporal demand of HapMed for performing Task 1 of locating the cricothyroidotomy low (206

3), while the average for the population of -1.30 and a median of -2 tend toward low. 8%
believed it was neither low nor high. Only 4% of the trainees believed that the TEMPORAL
DEMAND was high.

Figure 64. TASK1 – Correctly locating the cricothyroid membrane – TEMPORAL DEMAND
using HapMed
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Data and Analysis for Successful Performance:
Table 39. TASK 1 – Self assessment of Successful PERFORMANCE in correctly locating the
cricothyroid membrane using HapMed

208

Figure 65. TASK 1 – Wilcoxon PSR Test of ambivalence about successful PERFORMANCE in
correctly locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding successful PERFORMANCE of
locating the cricothyroid membrane task using HapMed? Based on a p value of 0.0003
shown in Figure 65, the null hypothesis for ambivalence toward the question, “How
successful were you in PERFORMANCE of locating the cricothyroid membrane task using
HapMed?,” CAN be rejected. The sample population is not ambivalent about, “How
successful were you in the PERFORMANCE of locating cricothyroid membrane task using
HapMed?”, rather as indicated in Figure 66 the mode of sample population (62%) indicates
individual self-assessment of their successful PERFORMANCE of locating the
cricothyroidotomy membrane task using HapMed was high (3) while the average for the
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population of 1.88 tends toward high and a median of 3 is high. 19% believed it was neither
low nor high. Only 4% of the trainees believed that their individual successful
PERFORMANCE of the task using HAPMED was low.

Figure 66. TASK 1 – Successful PERFORMANCE in correctly locating the cricothyroid
membrane using HapMed
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Data and Analysis for Level of Effort
Table 40. TASK 1 –LEVEL OF EFFORT in correctly locating the cricothyroid membrane using
HapMed
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Figure 67. TASK 1 – Wilcoxon PSR Test of ambivalence about LEVEL OF EFFORT in correctly
locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF EFFORT in locating
cricothyroid membrane task using HapMed. Based on a p value of 0.0277 shown in figure
67, the null hypothesis for ambivalence toward the question, “How much EFFORT in
locating cricothyroid membrane task uses HapMed?,” may be statistically rejected based on
p but with several caveats. The observed beta error of approximately .5 (see post hoc
calculation below using G*Power 3.1.6 and all 26 values) is greater than the theoretical .2
that our sample size infers we should have observed, based on Cohen’s a priori (not shown)
single sample calculation. This infers possible issues with the data. The population used to
perform the Wilcoxon PSR analysis is only 18. Further the sample effect size is only 0.409
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using a mean of -0.6923 in G*Power shown below. Using a median of -0.5 in G*Power
yields an effect size of only 0.2955083 (not shown). Given that the experimental scale
measured differences in respondent feedback is based on whole integers, what is the
practical impact of such a small effect size? It is unlikely that there is any practical
difference at all. There is also conflicting statistical information from the sample population
about its ambivalent toward, “LEVEL OF EFFORT in locating cricothyroid membrane task
using HapMed?”, since the mode of the entire sample population is zero – neither low nor
high - as indicated in Figure 68 as well as the median of the entire sample is -.5 as indicated
in 46. Since the Wilcoxon signed rank test throws out ties, the median of the remaining
data is different than zero. Thus, our statistical method and scale may not be capturing all
the issues related to this research question, the research question itself may be subject to
multiple interpretations by the respondents, the effect size as measured by the interval of
the scale used in the research may not correspond to an effect size of practical significance,
or the respondents themselves may vary in qualification to answer the question posed. The
average for the population of -.69 tends away from zero but is closer to 0 than to -3. 31%
believed it was neither low nor high. Only 4% of the trainees believed that the LEVEL OF
EFFORT was high.
In summary, while the p value indicates the null can be rejected, there is conflict in
the statistical data and is therefore we believe our findings on this research question are
inconclusive and therefore assume the level of effort for this task in HapMed was “medium”
in NASA TLX terminology. The Wilcoxon PSR test indicates ambivalence can be rejected, but
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according to Cohen, with a beta of approximately .5. Further, this rejection is not confirmed
by the mode or by the median of the entire sample. Further, there is reduced number of
responses used in the Wilcoxon PSR test due to technique of throwing out zero responses.

Figure 68. TASK 1 –LEVEL OF EFFORT in correctly locating the cricothyroid membrane using
HapMed
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Figure 69. Descriptive Statistics for TASK 1 –LEVEL OF EFFORT in correctly locating the
cricothyroid membrane using HapMed
Source: http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 70. TASK 1 –LEVEL OF EFFORT in correctly locating the cricothyroid membrane using
HapMed
GPower 3.1.6 - Actual Power .4986 based on sample size 26.
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Data and Analysis for Level of Frustration:

Table 41. TASK 1 –LEVEL OF FRUSTRATION in correctly locating the cricothyroid membrane
using HapMed
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Figure 71. TASK 1 – Wilcoxon PSR Test of ambivalence about LEVEL OF FRUSTRATION in
correctly locating the cricothyroid membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL of FRUSTRATION in
locating cricothyroid membrane task using HapMed? Based on a p value of <0.0001 shown
in Figure 71, the null hypothesis for ambivalence toward the question, “How much
FRUSTRATION in locating cricothyroid membrane task using HapMed?,” CAN be rejected.
The sample population is not ambivalent about, “FRUSTRATION in locating cricothyroid
membrane task using HapMed?”, rather as indicated in Figure 72, the mode of sample
population (50%) indicates the Frustration of using HapMed for Task 1 of locating the
cricothyroidotomy is low (-3). While the average for the population of -2.23 and a median
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of -2.5 tend toward low. 12% believed it was neither low nor high. None of the trainees
believed that the LEVEL of FRUSTRATION was high.

Figure 72. TASK 1 – LEVEL OF FRUSTRATION in correctly locating the cricothyroid membrane
using HapMed

219

TASK 2 - Palpate the membrane and make vertical incision using HapMed
Data and Analysis for Mental Demand:

Table 42. TASK 2 –MENTAL DEMAND in palpating the membrane and making a vertical
incision using HapMed

220

Figure 73. TASK 2 – Wilcoxon PSR Test of ambivalence about MENTAL DEMAND in palpating
the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the MENTAL DEMAND of
palpating the membrane and making a vertical incision task using HapMed? Based on a p
value of 0.0004 shown in Figure 73, the null hypothesis for ambivalence toward the
question, “How MENTALLY DEMANDING was palpating the membrane and making a vertical
incision task using HapMed?,” CAN be rejected. The sample population is not ambivalent
about, “MENTAL DEMAND of palpating the membrane and making a vertical incision task
using HapMed”, rather as indicated in Figure 74 , the mode of sample population (%)
indicates the MENTAL DEMAND of using HapMed for Task 2 of palpating the membrane and
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making a vertical incision task using HapMed is low (-3) while the average for the population
of -1.5 and a median of -2 tend toward low. 15% believed it was neither low nor high.
None of the trainees believed that the MENTAL DEMAND was high.

Figure 74. TASK 2 – MENTAL DEMAND in palpating the membrane and making a vertical
incision using HapMed
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Data and Analysis for Physical Demand:
Table 43. TASK 2 – PHYSICAL DEMAND in palpating the membrane and making a vertical
incision using HapMed
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Figure 75. TASK 2 – Wilcoxon PSR Test of ambivalence about PHYSCIAL DEMAND in
palpating the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND of
palpating the membrane and making a vertical incision task using HapMed? Based on a p
value of 0.0003 shown in Figure 75, the null hypothesis for ambivalence toward the
question, “How PHYSICALLY DEMANDING was palpating the membrane and making a
vertical incision task using HapMed?,” CAN be rejected. The sample population is not
ambivalent about, “PHYSICAL DEMAND in palpating the membrane and making a vertical
incision task using HapMed”, rather as indicated in Figure 76 the mode of sample
population (50%) indicates the PHYSICAL DEMAND of using HapMed for Task 2 of palpating
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the membrane and making a vertical incision task using HapMed is low (-3) while the
average for the population of -1.65 and a median of -2.5 tend toward low. 15% believed it
was neither low nor high. 4% of the trainees believed that the PHYSICAL DEMAND was high.

Figure 76. TASK 2 - PHYSICAL DEMAND of palpating the membrane and making a vertical
incision using HapMed
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Data and Analysis for Temporal Demand:
Table 44. TASK 2 - TEMPORAL DEMAND of palpating the membrane and making a vertical
incision using HapMed
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Figure 77. TASK 2 Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND of
palpating the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND of
palpating the membrane and making a vertical incision task using HapMed? Based on a p
value of 0.0005 shown in Figure 77, the null hypothesis for ambivalence toward the
question, “How TEMPORALLY DEMANDING WAS palpating the membrane and making a
vertical incision task using HapMed?,” CAN be rejected. The sample population is not
ambivalent about, “TEMPORAL DEMAND in palpating the membrane and making a vertical
incision task using HapMed”, rather as indicated in Figure 78 the mode of sample
population (42%) indicates the TEMPORAL DEMAND of using HapMed for Task 2 of
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palpating the membrane and making a vertical incision task using HapMed is low (-3) while
the average for the population of -1.46 and a median of -2 tend toward low. 8% believed it
was neither low nor high. None of the trainees believed that the TEMPORAL DEMAND was
high.

Figure 78. TASK 2 – TEMPORAL DEMAND for palpating the membrane and making a vertical
incision using HapMed
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Data and Analysis for Successful Performance:

Table 45. TASK 2 – Self Assessment of Successful PERFORMANCE on palpating the
membrane and making a vertical incision using HapMed
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Figure 79. TASK 2 – Wilcoxon PSR Test for ambivalence about successful PERFORMANCE on
palpating the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE in palpating
the membrane and making a vertical incision task using HapMed? Based on a p value of
0.0002 shown in Figure 79, the null hypothesis for ambivalence toward the question, “How
well was your PERFORMANCE in palpating the membrane and making a vertical incision task
using HapMed?,” CAN be rejected. The sample population is not ambivalent towards,
“PERFORMANCE in palpating the membrane and making a vertical incision task using
HapMed”, rather as indicated in Figure 80, the mode of the sample population (58%)
indicates the PERFORMANCE in using HapMed for Task 2 of palpating the membrane and
230

making a vertical incision task using HapMed is high (3) while the average for the population
of 1.96 and a median of 3 tend toward high. 12% believed it was neither low nor high. 4%
of the trainees believed that the PERFORMANCE was low.

Figure 80. TASK 2 – Successful PERFORMANCE on palpating the membrane and making a
vertical incision using HapMed
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Table 46. TASK 2 – LEVEL OF EFFORT on palpating the membrane and make a vertical
incision using HapMed
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Figure 81. TASK 2 – Wilcoxon PSR Test on ambivalence about LEVEL OF EFFORT on palpating
the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF EFFORT in
palpating the membrane and making a vertical incision task using HapMed? Based on a p
value of 0.0046 shown in Figure 81, the null hypothesis for ambivalence toward the
question, “How much effort was required in palpating the membrane and making a vertical
incision task using HapMed?,” CAN be rejected. The sample population is not ambivalent
about, “LEVEL OF EFFORT in palpating the membrane and making a vertical incision task
using HapMed”, rather as indicated in Figure 82, the mode of sample population is -1 and a
median of 1 indicating that the LEVEL OF EFFORT in using HapMed for Task 2 of palpating
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the membrane and making a vertical incision task using HapMed tend toward low while the
average for the population of -.92. Both the low and neither high or low are the same. 19%
believed it was neither low nor high. 4% of the trainees believed that the LEVEL OF EFFORT
was high.

Figure 82. TASK 2 – LEVEL OF EFFORT palpating the membrane and making a vertical
incision using HapMed
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Data and Analysis for Level of Frustration:

Table 47. TASK 2 – LEVEL OF FRUSTRATION on palpating the membrane and making a
vertical incision using HapMed
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Figure 83. TASK 2 – Wilcoxon PSR Test for ambivalence about LEVEL OF FRUSTRATION on
palpating the membrane and making a vertical incision using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the FRUSTRATION in palpating
the membrane and making a vertical incision task using HapMed? Based on a p value of
0.0002 shown in Figure 83, the null hypothesis for ambivalence toward the question, “How
FRUSTRATING was palpating the membrane and making a vertical incision task using
HapMed?,” CAN be rejected. The sample population is not ambivalent about, “Frustration
in palpating the membrane and making a vertical incision task using HapMed”, rather as
indicated in Figure 84, the mode of sample population (50%) indicates the LEVEL OF
FRUSTRATION in using HapMed for Task 2 of palpating the membrane and making a vertical
incision is low (-3) while the average for the population of -1.76 and a median of -2 tend
236

toward low. 8% believed it was neither low nor high. 4% of the trainees believed that the
LEVEL OF FRUSTRATION was high.

Figure 84. TASK 2 – LEVEL OF FRUSTRATION in palpating the membrane and making a
vertical incision using HapMed
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TASK 3 - Use scalpel and cut through membrane using HapMed
Data and Analysis for Mental Demand:
Table 48. TASK 3 – MENTAL DEMAND use scalpel and cut through membrane using HapMed
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Figure 85. TASK 3 – Wilcoxon PSR Test of ambivalence about MENTAL DEMAND in using the
scalpel and cutting through the membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php
This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the question, How MENTALLY
DEMANDING was it in the use of a scalpel and cutting through membrane task using
HapMed? Based on a p value of 0.0011 shown in Figure 85, the null hypothesis for
ambivalence toward the question, “MENTAL DEMAND in the use of a scalpel and cutting
through membrane task using HapMed” CAN be rejected. The sample population is not
ambivalent about, “MENTAL DEMAND in using the scalpel and cutting through membrane
task”, rather as indicated in Figure 86 the mode of sample population (35%) indicates the
MENTAL DEMAND in using HapMed for Task 3 is low (-3) while the average for the
population of -1.34 and a median of -2 tend toward low. 12% believed it was neither low
nor high. 4% of the trainees believed that the MENTAL DEMAND was high.
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Figure 86. TASK 3 - MENTAL DEMAND to use the scalpel and cut through the membrane
using HapMed
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Data and Analysis for Physical Demand:
Table 49. TASK 3 – PHYSICAL DEMAND to use the scalpel and cut through membrane using
HapMed
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Figure 87. TASK 3 - Wilcoxon PSR Test of ambivalence about PHYSICAL DEMAND in using the
scalpel and cutting through the membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND in using
the scalpel and cutting through membrane task using HapMed? Based on a p value of
0.0006 shown in Figure 87, the null hypothesis for ambivalence toward the question, “How
PHYSICALLY DEMANDING was it in using the scalpel and cutting through membrane task
using HapMed?,” CAN be rejected. The sample population is not ambivalent about,
“PHYSICAL DEMAND in using the scalpel and cutting through membrane task using
HapMed”, rather as indicated in Figure 88 the mode of sample population (46%) indicates
the PHYSICAL DEMAND in using HapMed for Task 3 is low (-3) while the average for the
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population of -1.53 and a median of -2 tend toward low. 12% believed it was neither low
nor high. 4% of the trainees believed that the PHYSICAL DEMAND was high.

Figure 88. TASK 3 - PHYSICAL DEMAND to use the scalpel and cut through the membrane
using HapMed
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Data and Analysis for Temporal Demand:
Table 50. TASK 3 – TEMPORAL DEMAND to use the scalpel and cut through the membrane
using HapMed
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Figure 89. TASK 3 - Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND in using
the scalpel and cutting through the membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution
where p ≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL
DEMAND in using the scalpel and cutting through membrane task using HapMed? Based on
a p value of 0.0001 shown in Figure 89, the null hypothesis for ambivalence toward the
question, “How TEMPORALLY DEMANDING was the use of the scalpel and cutting through
membrane task using HapMed?,” CAN be rejected. The sample population is not
ambivalent about, “TEMPORAL DEMAND using the scalpel and cutting through membrane
task using HapMed”, rather as indicated in Figure 90, the mode of sample population (46%)
indicates the TEMPORAL DEMAND in using HapMed for Task 3 is low (-3) while the average
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for the population of -1.65 and a median of -2.5 tend toward low. 12% believed it was
neither low nor high. 0% of the trainees believed that the TEMPORAL DEMAND was high.

Figure 90. TASK 3 – TEMPORAL DEMAND to use the scalpel and cut through the membrane
using HapMed
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Data and Analysis for Successful Performance:
Table 51. TASK 3 – Self Assessment of Successful PERFORMANCE to use the scalpel and cut
through the membrane using HapMed
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Figure 91. TASK 3 – Wilcoxon PSR Test of ambivalence about Successful PERFORMANCE in
using the scalpel and cutting through the membrane
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE in using the
scalpel and cutting through membrane task using HapMed? Based on a p value of 0.0001
shown in Figure 91, the null hypothesis for ambivalence toward the question, “How was
your PERFORMANCE in using the scalpel and cutting through membrane task using
HapMed?,” CAN be rejected. The sample population is not ambivalent about,
“PERFORMANCE using the scalpel and cutting through membrane task using HapMed”,
rather as indicated in Figure 92, the mode of sample population (50%) indicates the
PERFORMANCE in using the scalpel and cutting through membrane task is high (3) while the
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average for the population of 1.69 and a median of 2.5 tend toward high. 12% considered it
neither high nor low. 4% of the trainees considered the use of HapMed for task 3 low.

Figure 92. TASK 3 – PERFORMANCE to use the scalpel and cut through the membrane using
HapMed
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Data and Analysis for Level of Effort to use scalpel:
Table 52. TASK 3 – LEVEL OF EFFORT to use scalpel and cut through the membrane using
HapMed
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Figure 93. TASK 3 - Wilcoxon PSR Test for ambivalence about LEVEL OF EFFORT to use
scalpel and cut through the membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the EFFORT in using the scalpel
and cutting through membrane task using HapMed? Based on a p value of 0.02 shown in
Figure 93, the null hypothesis for ambivalence toward the question, “How much EFFORT
was required in using the scalpel and cutting through membrane task using HapMed?,”
MAY be rejected with several caveats. There is greater likelihood of beta error, possibly
.456 based on Cohen’s single sample calculation (see G*Power 3.1.6 calculations below with
sample size of 26). The population used to perform the Wilcoxon PSR is twenty six, but six of
the responses are zeros. The effect size is only 0.433, which may have no practical
significance given an integer scale. The numbers of students responding to low and
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neither low nor high are the same (23%). There is also conflicting statistical information
from the sample population is not ambivalent about, “LEVEL EFFORT using the scalpel and
cutting through membrane task using HapMed”, rather as indicated in Figure 94, there are
THREE modes in the sample population at -3, 0 and 1 while the average for the population
of -.73 and a median of -0.5 tend toward neither high or low. 4% of the trainees
considered the use of HapMed for task 3 high. In summary, there is conflict in the statistical
data and is therefore, inconclusive. Thus we shall assume that the level of effort for this
task in HapMed tend toward “medium” in NASA TLX terminology. The Wilcoxon PSR test
indicates that ambivalence can be rejected, according to Cohen, with a beta of .433.
Further, this rejection is not confirmed by the mode or by the median. Further, there is
reduced number of responses used in the Wilcoxon PSR test due to technique of
elimination of zero responses.

252

Figure 94. Descriptive Statistics for TASK 3 – LEVEL OF EFFORT to use scalpel and cut
through the membrane using HapMed
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Figure 95. LEVEL OF EFFORT to use scalpel and cut through the membrane using HapMed
GPower 3.1.6 - Actual Power= .544 Based on 26 Sample Size
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Figure 96. TASK 3 – LEVEL OF EFFORT to use the scalpel and cut through the membrane
using HapMed
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Data and Analysis for Level of Frustration to use the scalpel:

Table 53. TASK 3 – LEVEL OF FRUSTRATION to use the scalpel and cut through the
membrane using HapMed
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Figure 97. TASK 3 - Wilcoxon PSR Test of ambivalence about LEVEL OF FRUSTRATION to use
the scalpel and cut through the membrane using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the FRUSTRATION in using the
scalpel and cutting through membrane task using HapMed. Based on a p value of 0.0013
shown in Figure 97, the null hypothesis for ambivalence toward the question, “How
FRUSTRATING was it in using the scalpel and cutting through the membrane task using
HapMed?,” CAN be rejected. The sample population is not ambivalent about,
“FRUSTRATION using the scalpel and cutting through membrane task using HapMed”,
rather as indicated in Figure 98 the mode of sample population, 54%, indicates the
FRUSTRATION in using HapMed for Task 3 of using the scalpel and cutting through the
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membrane task is low (-3) while the average for the population of -1.76 and a median of -3
tend toward low. 4% of the trainees considered the use of HapMed for task neither high
nor low. 12% of the trainees considered the use of HapMed for task 3 high.

Figure 98. TASK 3 - Use scalpel and cut through membrane – LEVEL OF FRUSTRATION using
HapMed
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TASK 4 - After dilating the opening, insert Lt tube or cannula using HapMed
Table 54. TASK 4 – MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using HapMed
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Figure 99. TASK 4 - Wilcoxon PSR Test of ambivalence about MENTAL DEMAND after dilating
the opening, insert Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the MENTAL DEMAND in after
dilating the opening, inserting the Lt tube or cannula task using HapMed? Based on a p
value of 0.0021 shown in Figure 99, the null hypothesis for ambivalence toward the
question, “How MENTALLY DEMAND was it after dilating the opening, inserting the Lt tube
or cannula using HapMed?” MAY be rejected based on the p value with several caveat.
While the data distribution is concerning, the one sample test for beta error revealed only
.05 (see G*Power calculation below). “MENTAL DEMAND after dilating the opening,
inserting the Lt tube or cannula task using HapMed”, as indicated in Figure 100, the mode of
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sample population, 31%, indicates the MENTAL DEMAND in using HapMed for Task 4 of
after dilating the opening, inserting the Lt tube or cannula task is low (-3) while the average
for the population of -1.15 and a median of -1.5 tend toward low. 27% of the trainees
considered the use of HapMed for task neither high nor low. 4% of the trainees considered
the use of HapMed for task 4 high.
In summary, the Wilcoxon PSR test indicates ambivalence can be rejected and is
confirmed with an post hoc beta of .05 as calculated in G*Power. Further, this rejection is
confirmed by the mode, average and the median.

Figure 100. TASK 4: MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using HapMed
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Data and Analysis for Physical Demand after dilating opening:
Table 55. TASK 4 – PHYSICAL DEMAND after dilating the opening, insert Lt tube or cannula
using HapMed

262

Figure 101. TASK 4 – Wilcoxon PSR Test of ambivalence about PHYSICAL DEMAND after
dilating the opening, insert Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND in after
dilating the opening, inserting the Lt tube or cannula task using HapMed? Based on a p
value of <0.0001 shown in Figure 101, the null hypothesis for ambivalence toward the
question, “How PHYSICALLY DEMANDING was it in after dilating the opening, inserting the
Lt tube or cannula using HapMed?,” CAN be rejected. The sample population is not
ambivalent about, “PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or
cannula task using HapMed”, rather as indicated in Figure 102 the mode of sample
population, 50%, indicates the PHYSICAL DEMAND in using HapMed for Task 4 after dilating
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the opening, inserting the Lt tube or cannula task is low (-3) while the average for the
population of -1.96 and a median of -2.5 tend toward low. 19% of the trainees considered
the use of HapMed for task neither high nor low. 0% of the trainees considered the use of
HapMed for task 4 high.

Figure 102. TASK 4 PHYSICAL DEMAND after dilating the opening, insert Lt tube or cannula
using HapMed
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Data and Analysis for Temporal Demand after dilating opening:
Table 56. TASK4 – TEMPORAL DEMAND after dilating the opening, insert Lt tube or cannula
using HapMed
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Figure 103. TASK 4 - Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND after
dilating the opening, insert Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND in
after dilating the opening, inserting the Lt tube or cannula task using HapMed? Based on a
p value of 0.0019 shown in Figure 103, the null hypothesis for ambivalence toward the
question, “How TEMPORALLY DEMANDING was it in after dilating the opening, inserting the
Lt tube or cannula task using HapMed?,” CAN be rejected. The sample population is not
ambivalent about, “TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or
cannula task using HapMed”, rather as indicated in Figure 104, the mode of sample
population, 35%, indicates the TEMPORAL DEMAND in using HapMed for Task 4 of after
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dilating the opening, inserting the Lt tube or cannula task is low (-3) while the average for
the population of -0.45 and a median of -2 tend toward low. 12% of the trainees
considered the use of HapMed for task neither high nor low. 4% of the trainees considered
the use of HapMed for task 4 high.

Figure 104. TASK 4 – TEMPORAL DEMAND after dilating the opening, insert Lt tube or
cannula using HapMed
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Data and Analysis for Successful Performance after dilating opening:
Table 57. TASK 4 – Assessment of Successful PERFORMANCE after dilating the opening,
insert the Lt tube or cannula using HapMed
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Figure 105. TASK 4 – Wilcoxon PSR Test about PERFORMANCE after dilating the opening,
insert the Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE after
dilating the opening, insert the Lt tube or cannula task using HapMed. Based on a p value of
0.0002 shown in Figure 105, the null hypothesis for ambivalence toward the question, “How
was your PERFORMANCE after dilating the opening, inserting the Lt tube or cannula task
using HapMed?,” CAN be rejected. The sample population is not ambivalent about,
“PERFORMANCE after dilating the opening, inserting the Lt tube or cannula task using
HapMed”, rather as indicated in Figure 106, the mode of sample population (58%) indicates
the PERFORMANCE after dilating the opening, inserting the Lt tube or cannula task is high
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(3) while the average for the population of 7.16 and a median of 3 tend toward high. 15%
of the trainees considered the use of HapMed for task neither high nor low. 0% of the
trainees considered the use of HapMed for task 4 low.

Figure 106. TASK 4 – Self Assessment of Successful PERFORMANCE after dilating the
opening, inserting the Lt tube or cannula using HapMed
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Data and Analysis for Level of Effort after dilating opening:
Table 58. TASK 4 - LEVEL OF EFFORT after dilating the opening, inserting the Lt tube or
cannula using HapMed
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Figure 107. TASK 4 - Wilcoxon PSR Test of ambivalence about LEVEL OF EFFORT after
dilating the opening, inserting the Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the EFFORT in after dilating the
opening, inserting the Lt tube or cannula task using HapMed? Based on a p value of 0.0165
shown in Figure 107, the null hypothesis for ambivalence toward the question, “How much
EFFORT was it after dilating the opening, inserting the Lt tube or cannula task using
HapMed?,” MAY be rejected. Beta error is 40% as calculated in G*Power and shown below.
Even though standard deviation is 1.744, the effect size is .463 and is presumed to be too
small to be significant in practice given an integer scale. While the mode is zero, the
average for the population of -0.73 and a median of -1 tend toward low. 23% of the
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trainees considered the use of HapMed for task low. 4% of the trainees considered the use
of HapMed for task 4 high. In summary, there is conflict in the statistical data and is
therefore the analysis is inconclusive. Thus we shall assume that the level of effort for this
task in HapMed tend toward “medium” in NASA TLX terminology. The PSR test indicates
ambivalence may be rejected, but according to Cohen, with a beta of .34. This rejection is
not confirmed by the mode though by the median and average. Further, there is reduced
number of responses used in the Wilcoxon PSR test due to technique of elimination of zero
responses.

Figure 108. Descriptive Statistics for TASK 4 - LEVEL OF EFFORT after dilating the opening,
inserting the Lt tube or cannula using HapMed
Source: http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 109. TASK 4 - LEVEL OF EFFORT after dilating the opening, inserting the Lt tube or
cannula using HapMed
GPower 3.1.6 Actual Power = .60 Based on sample size of 26
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Figure 110. TASK4 – LEVEL of EFFORT after dilating the opening, inserting the Lt tube or
cannula using HapMed
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Data and Analysis for Level of Frustration after dilating opening:
Table 59. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using HapMed
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Figure 111. TASK 4 – Wilcoxon PSR Test of ambivalence about LEVEL of FRUSTRATION after
dilating the opening, inserting the Lt tube or cannula using HapMed
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the FRUSTRATION in after
dilating the opening, inserting the Lt tube or cannula task using HapMed? Based on a p
value of 0.0002 shown in Figure 111, the null hypothesis for ambivalence toward the
question, “How much FRUSTRATION was it after dilating the opening, inserting the Lt tube
or cannula task using HapMed?,” CAN be rejected. The sample population is not ambivalent
about, “FRUSTRATION after dilating the opening, inserting the Lt tube or cannula task using
HapMed”, rather as indicated in Figure 112, the mode of sample population, 50%, indicates
the LEVEL OF FRUSTRATION in using HapMed for Task 4 of after dilating the opening,
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inserting the Lt tube or cannula task is low (-3) while the average for the population of -1.76
and a median of -2.5 tend toward low. 8% of the trainees considered the use of HapMed
for task neither high nor low. 4% of the trainees considered the use of HapMed for task 4
high.

Figure 112. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using HapMed
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CricSim
The following sections report on assessment of CricSim, a virtual Modeling and
Simulation implementation, used as a case study of the use of virtual M&S to training
Cricothyroidotomy. Data and analysis of four cricothyroidotomy tasks are present in terms
of task load using the NASA TLX six dimensions. In total 24 assessments are presented
below.

TASK 1 - Correctly locate cricothyroid membrane with CricSim
Data and Analysis for Mental Demand:
Table 59 starts the participant’s ratings of CricSim based on Task 1 locating the
cricothyroid membrane survey questions as referenced in APPENDIX C.
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Table 60. TASK 1 – MENTAL DEMAND to correctly locate cricothyroid membrane using
CricSim
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Figure 113. TASK 1 - Wilcoxon PSR Test of ambivalence about CricSim MENTAL DEMAND to
correctly locate cricothyroid membrane
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding ambivalence about the MENTAL
DEMAND of locating cricothyroid membrane task using CricSim. Based on a p value of 0.002
shown in Figure 113, the null hypothesis for ambivalence toward the question, “How
MENTALLY DEMANDING was the locating cricothyroid membrane task using CricSim?,” CAN
be rejected. The sample population is not ambivalent about, “How MENTALLY DEMANDING
was locating cricothyroid membrane task using CricSim?”, rather as indicated in Figure 114
the mode of sample population indicates that 38% considered the MENTAL DEMAND of
CricSim for performing Task 1 a median of -2 tend toward low. 23% reported the mental
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demand as low. 23% also reported the MENTAL DEMAND as neither low nor high. 4% of
the trainees believed that the MENTAL DEMAND was high.

Figure 114. TASK 1 – CricSim MENTAL DEMAND to correctly locate cricothyroid membrane
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Data and Analysis for Physical Demand:
Table 61. TASK 1 – PHYSICAL DEMAND to correctly locate cricothyroid membrane using
CricSim
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Figure 115. TASK 1 - Wilcoxon PSR Test of ambivalence about PHYSICAL DEMAND to
correctly locate cricothyroid membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis ambivalence about the PHYSICAL
DEMAND on locating cricothyroid membrane task using CricSim? Based on a p value of
<0.0001 shown in figure 115, the null hypothesis for ambivalence toward the question,
“How PHYSCIALLY DEMANDING was the locating cricothyroid membrane task using
CricSim?,” CAN be rejected. The sample population is not ambivalent about, “How
PHYSICALLY DEMANDING was locating the cricothyroid membrane task using CricSim?”,
rather as indicated in Figure 116, the mode of sample population indicates that 50%
considered the PHYSICAL DEMAND of HapMed for performing Task 1 of locating the
cricothyroidotomy is low (-3) while the average for the population of -1.80 and a median of
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-2.5 tend toward low. 12% reported the mental demand as neither high nor low. 0% of the
trainees also believed that the PHYSICAL DEMAND was high.

Figure 116. PHYSICAL DEMAND to correctly locate cricothyroid membrane using CricSim
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Data and Analysis for Temporal Demand:
Table 62. TASK 1 – TEMPORAL DEMAND to correctly locate cricothyroid membrane using
CricSim
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Figure 117. TASK 1 - Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND to
correctly locate cricothyroid membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND on
locating the cricothyroid membrane task using CricSim? Based on a p value of 0.0001
shown in Figure 117, the null hypothesis for ambivalence toward the question, “How
TEMPORALLY DEMANDING (hurried or rush) was the locating cricothyroid membrane task
using CricSim?,” CAN be rejected. The sample population is not ambivalent about, “How
temporally demanding was locating the cricothyroid membrane task using CricSim?”, rather
as indicated in Figure 118 the mode of sample population indicates that 50% considered the
temporal demand of CricSim for performing Task 1 of locating the cricothyroidotomy low (3), while the average for the population of -1.73 and a median of -2.5 tend toward low.
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23% believed it was neither low nor high. 0% of the trainees believed that the TEMPORAL
DEMAND was high.

Figure 118. TASK 1 – CricSim TEMPORAL DEMAND to correctly locate cricothyroid
membrane
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Data and Analysis on Performance:

Table 63. TASK 1 – Self Assessment of Successful PERFORMANCE to correctly locate
cricothyroid membrane using CricSim
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Figure 119. TASK 1 - Wilcoxon PSR Test of ambivalence about Successful PERFORMANCE to
correctly locate cricothyroid membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE of locating
the cricothyroid membrane task using CricSim? Based on a p value of 0.0001 shown in
Figure 119, the null hypothesis for ambivalence toward the question, “How successful were
you in PERFORMANCE of locating the cricothyroid membrane task using CricSim?,” CAN be
rejected. The sample population is not ambivalent about, “How successful were you in the
PERFORMANCE of locating cricothyroid membrane task using CricSim?”, rather as indicated
in Figure 120, the mode of sample population (69%) indicates the PERFORMANCE of using
CricSim for Task 1 of locating the cricothyroidotomy high (3) while the average for the
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population of 2.11 and a median of 3 tend toward high. 12% believed it was neither low nor
high. Only 4% of the trainees believed that the PERFORMANCE was low.

Figure 120. TASK 1 – Self Assessment of Successful PERFORMANCE to correctly locate
cricothyroid membrane using CricSim
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Data and Analysis for Level of Effort:
Table 64. TASK 1 CricSim LEVEL OF EFFORT to correctly locate cricothyroid membrane
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Figure 121. TASK 1 – Wilcoxon PSR Test of ambivalence about CricSim LEVEL of EFFORT to
correctly locate cricothyroid membrane
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF EFFORT in locating
cricothyroid membrane task using CricSim. Based on a p value of 0.0065 shown in Figure
121, the null hypothesis for ambivalence toward the question, “How much EFFORT in
locating cricothyroid membrane task using CricSim?,” CAN be rejected. The sample
population is not ambivalent about, “LEVEL OF EFFORT in locating cricothyroid membrane
task using CricSim?”, rather as indicated in Figure 122, the mode of sample population
(35%) indicates the LEVEL OF EFFORT using CricSim for Task 1 of locating the
cricothyroidotomy low (-3) while the average for the population of -1 and a median of -1.5
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tend toward low. 15% believed it was neither low nor high. 8% of the trainees believed
that the LEVEL OF EFFORT was high.

Figure 122. TASK 1 – LEVEL OF EFFORT to correctly locate cricothyroid membrane using
CricSim
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Data and Analysis for Level of Frustration:
Table 65. TASK 1 –LEVEL OF FRUSTRATION to correctly locate cricothyroid membrane using
CricSim
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Figure 123. TASK 1 – Wilcoxon PSR Test of ambivalence about LEVEL of FRUSTRATION to
correctly locate cricothyroid membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF FRUSTRATION in
locating cricothyroid membrane task using CricSim? Based on a p value of <0.0001 shown in
Figure 123, the null hypothesis for ambivalence toward the question, “How much
FRUSTRATION in locating cricothyroid membrane task using CricSim?,” CAN be rejected.
The sample population is not ambivalent about, “FRUSTRATION in locating the cricothyroid
membrane task using CricSim?”, rather as indicated in Figure 124, the mode of sample
population (69%) indicates the Frustration of using CricSim for Task 1 of locating the
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cricothyroidotomy is low (-3). While the average for the population of -2.34 and a median
of -3 tend toward low. 12% believed it was neither low nor high. None of the trainees
believed that the LEVEL of FRUSTRATION was high.

Figure 124. TASK 1 – LEVEL OF FRUSTRATION to correctly locate cricothyroid membrane
using CricSim
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TASK 2 - Palpate the membrane and make vertical incision using CricSim
Data and Analysis for Mental Demand:
Table 66. TASK 2 - MENTAL DEMAND to palpate the membrane and make vertical incision
using CricSim
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Figure 125. TASK 2 - Wilcoxon PSR Test of ambivalence about MENTAL DEMAND to palpate
the membrane and make vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the MENTAL DEMAND of
palpating the membrane and making a vertical incision task using CricSim. Based on a p
value of 0.0024 shown in Figure 125, the null hypothesis for ambivalence toward the
question, “How MENTALLY DEMANDING was palpating the membrane and making a vertical
incision task using CricSim?” MAY be statistically rejected based on p. Further, the observed
beta error of approximately 0.16 (see post hoc calculation below using G*Power 3.1.6 and
all 26 values) is less than the theoretical .2 that our sample size infers we should have
observed, based on Cohen’s priori (not shown) single sample calculation. All statistical
information from the sample population about the sample population is not ambivalent
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about, “MENTAL DEMAND of palpating the membrane and making a vertical incision task
using CricSim”, as indicated in Figure 126, the mode of the entire sample population (27%)
indicates the MENTAL DEMAND of using CricSim for Task 2 of palpating the membrane and
making a vertical incision task low (-3) while the average for the population of -1.07 and a
median of -2 tend toward low. 23% believed it was neither low nor high. 0% of the trainees
believed that the MENTAL DEMAND was high.
In summary, the p value indicates the null can be rejected, which is supported by
other statistical data.

Figure 126. Descriptive Statistics for TASK 2 – MENTAL DEMAND to correctly locate
cricothyroid membrane using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 127. TASK 2 – MENTAL DEMAND to correctly locate cricothyroid
GPower 3.1.6 Actual Power = 0.84 Based on Sample Size of 26
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Figure 128. TASK 2 – MENTAL DEMAND to correctly locate cricothyroid membrane using
CricSim
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Data and Analysis for Physical Demand:
Table 67. TASK 2 – PHYSICAL DEMAND to palpate the membrane and make a vertical
incision using CricSim
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Figure 129. TASK 2 – Wilcoxon PSR Test of ambivalence about PHYSICAL DEMAND to palpate
the membrane and make vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND of
palpating the membrane and making a vertical incision task using CricSim. Based on a p
value of 0.0009 shown in Figure 129, the null hypothesis for ambivalence toward the
question, “How PHYSICALLY DEMANDING was palpating the membrane and making a
vertical incision task using CricSim?,” CAN be rejected. The sample population is not
ambivalent about, “PHYSICAL DEMAND in palpating the membrane and making a vertical
incision task using CricSim”, rather as indicated in Figure 130, the mode of sample
population (50%) indicates the PHYSICAL DEMAND of using CricSim for Task 2 of palpating
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the membrane and making a vertical incision task low (-3) while the average for the
population of -1.62 and a median of -2.5 tend toward low. 15% believed it was neither low
nor high. 4% of the trainees believed that the PHYSICAL DEMAND was high.

Figure 130. TASK 2 - PHYSCIAL DEMAND to palpate the membrane and make a vertical
incision using CricSim
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Data and Analysis for Temporal Demand:
Table 68. TASK 2 – TEMPORAL DEMAND to palpate the membrane and make a vertical
incision using CricSim
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Figure 131. TASK 2 Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND to palpate
the membrane and make a vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND of
palpating the membrane and making a vertical incision task using CricSim. Based on a p
value of 0.0011 shown in Figure 131, the null hypothesis for ambivalence toward the
question, “How TEMPORALLY DEMANDING WAS palpating the membrane and making a
vertical incision task using CricSim?,” CAN be rejected. The sample population is not
ambivalent about, “TEMPORAL DEMAND in palpating the membrane and making a vertical
incision task using CricSim”, rather as indicated in Figure 132, the mode of sample
population (38%) indicates the TEMPORAL DEMAND of using CricSim for Task 2 of palpating
the membrane and making a vertical incision task low (-3) while the average for the
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population of -1.42 and a median of -2 tend toward low. 12% believed it was neither low
nor high. 4% of the trainees believed that the TEMPORAL DEMAND was high.

Figure 132. TASK 2 – TEMPORAL DEMAND to palpate the membrane and make a vertical
incision using CricSim
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Data and Analysis for Performance:
Table 69. TASK 2 – Self Assessment of Successful PERFORMANCE to palpate the membrane
and make a vertical incision using CricSim

309

Figure 133. TASK 2 – Wilcoxon PSR Test of ambivalence about PERFORMANCE to palpate the
membrane and make a vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE in palpating
the membrane and making a vertical incision task using CricSim. Based on a p value of
0.0005 shown in Figure 133, the null hypothesis for ambivalence toward the question, “How
well was your PERFORMANCE in palpating the membrane and making a vertical incision task
using CricSim?,” CAN be rejected. The sample population is not ambivalent towards,
“PERFORMANCE in palpating the membrane and making a vertical incision task using
CricSim”, rather as indicated in Figure 134, the mode of the sample population (50%)
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indicates the Performance in using CricSim for Task 2 of palpating the membrane and
making a vertical incision task using CricSim is high (3) while the average for the population
of 1.5 and a median of 2 toward high 8% considered it neither high nor low. 4% of the
trainees believed that the PERFORMANCE was low.

Figure 134. TASK 2 – PERFORMANCE to palpate the membrane and make a vertical incision
using CricSim
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Data and Analysis for Level of Effort:
Table 70. TASK 2 – LEVEL OF EFFORT to palpate the membrane and make a vertical incision
using CricSim

312

Figure 135. TASK 2 – Wilcoxon PSR Test of ambivalence about LEVEL OF EFFORT to palpate
the membrane and make a vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF EFFORT in
palpating the membrane and making a vertical incision task using CricSim. Based on a p
value of <0.0029 shown in Figure 135, the null hypothesis for ambivalence toward the
question, “How much effort was required in palpating the membrane and making a vertical
incision task using CricSim?” MAY be statistically rejected based on p but with a caveat. The
observed beta error of approximately 0.38 (see post hoc calculation below using G*Power
3.1.6 and all 26 values) is greater than the theoretical .2 that our sample size infers we
should have observed, based on Cohen’s priori (not shown) single sample calculation. This
infers possible issues with the data. The population to perform the Wilcoxon PSR analysis is
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only 19. Further, the sample effect size is only 0.474 using a mean of -0.846 in G*Power
shown below. One must ask, what is the practical impact of such a small effect size? On
the other hand statistical information from the sample population is not ambivalence
toward, “LEVEL OF EFFORT” in palpating the membrane and making a vertical incision task
using CricSim”. As indicated in Figure 138, the mode of sample population (23%) indicates
the LEVEL OF EFFORT of using CricSim for Task 2 of palpating the membrane and making a
vertical incision task low (-3) while the average for the population of -1.04 and a median of 1 all tend toward low. 12% believed it was neither low nor high. 0% of the trainees
believed that the LEVEL OF EFFORT was high.
Our statistical method and scale may not be capturing all the issues related to this
research question, the research question itself may be subject to multiple interpretations by
the respondents, the effect size as measured by the interval of the scale used in the
research may not correspond to an effect size of practical significance, or the respondents
themselves may vary in qualification to answer the question posed.
In summary, while the p value indicates the null can be rejected, there is a conflict in
the statistical data and therefore we believe our findings on this research are inconclusive
and the wiser course of action is to simply accept that the level of effort for this task in
CricSim is medium in NASA TLX terminology.
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Figure 136. Descriptive Statistics for TASK 2 – LEVEL OF EFFORT to palpate the membrane
and make a vertical incision using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 137. LEVEL OF EFFORT to palpate the membrane and make a vertical incision using
CricSim
GPower 3.1.6 Actual Power = 0.62 Based on Sample Size 26
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Figure 138. TASK 2 – CricSim LEVEL OF EFFORT to palpate the membrane and make a
vertical incision
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Data and Analysis for Level of Frustration:
Table 71. TASK 2 – LEVEL OF FRUSTRATION to palpate the membrane and make a vertical
incision using CricSim
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Figure 139. TASK 2 – Wilcoxon PSR Test of ambivalence about LEVEL OF FRUSTRATION to
palpate the membrane and make a vertical incision using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL FRUSTRATION in
palpating the membrane and making a vertical incision task using CricSim Based on a p
value of 0.0009 shown in figure 139, the null hypothesis for ambivalence toward the
question, “How FRUSTRATING was palpating the membrane and making a vertical incision
task using CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“Frustration in palpating the membrane and making a vertical incision task using CricSim”,
rather as indicated in figure 140, the mode of sample population (54%) indicates the LEVEL
OF FRUSTRATION of using CricSim for Task 2 of palpating the membrane and making a
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vertical incision task low (-3) while the average for the population of -1.46 and a median of 3 tend toward low. 8% believed it was neither low nor high. 4% of the trainees believed
that the LEVEL OF FRUSTRATION was high.

Figure 140. TASK 2 – CricSim LEVEL OF FRUSTRATION to palpate the membrane and make a
vertical incision
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TASK 3 - Use scalpel and cut through membrane using CricSim
Data and Analysis for Mental Demand
Table 72. TASK 3 – CricSim MENTAL DEMAND to use scalpel and cut through membrane
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Figure 141. TASK 3 – Wilcoxon PSR Test of ambivalence about MENTAL DEMAND to use the
scalpel and cut through the membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the question, “How MENTALLY
DEMANDING was it in the use of a scalpel and cutting through membrane task using
CricSim?” Based on a p value of 0.0039 shown in Figure 141, the null hypothesis for
ambivalence toward the question, “MENTAL DEMAND in the use of a scalpel and cutting
through membrane task using CricSim” CAN be rejected. The sample population is not
ambivalent about, “MENTAL DEMAND in using the scalpel and cutting through membrane
task”, rather as indicated in Figure 142 the mode of sample population (38%) indicates the
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MENTAL DEMAND of using CricSim for Task 3 of using the scalpel and cutting through the
membrane (-3) while the average for the population of -1.27 and a median of -2 tend
toward low. 8% believed it was neither low nor high. 8% of the trainees believed that the
MENTAL DEMAND was high.

Figure 142. TASK 3 - MENTAL DEMAND to use scalpel and cut through the membrane using
CricSim

323

Data and Analysis for Physical Demand:
Table 73. TASK 3 – PHYSICAL DEMAND to use scalpel and cut through membrane using
CricSim
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Figure 143. TASK 3 – Wilcoxon PSR Test on ambivalence about PHYSICAL DEMAND to use
scalpel and cut through membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND in using
the scalpel and cutting through membrane task using CricSim. Based on a p value of 0.0006
shown in figure 143, the null hypothesis for ambivalence toward the question, “How
PHYSICALLY DEMANDING was it in using the scalpel and cutting through membrane task
using CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“PHYSICAL DEMAND in using the scalpel and cutting through membrane task using CricSim”,
rather as indicated in figure 144, the mode of sample population (35%) indicates the
PHYSICAL DEMAND of using CricSim for Task 3 of using the scalpel and cutting through the
membrane low (-3) while the average for the population of -1.46 and a median of -2 tend
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toward low. 12% believed it was neither low nor high. 8% of the trainees believed that the
PHYSICAL DEMAND was high.

Figure 144. TASK 3 – PHYSICAL DEMAND to use the scalpel and cut through a membrane
using CricSim
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Data and Analysis for Temporal Demand:
Table 74. TASK 3 – TEMPORAL DEMAND to use scalpel and cut through a membrane using
CricSim

327

Figure 145. TASK 3 - Wilcoxon PSR Test of ambivalence about TEMPORAL DEMAND to use a
scalpel and cut through a membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND in
using the scalpel and cutting through membrane task using CricSim. Based on a p value of
<0.0001 shown in Figure 145, the null hypothesis for ambivalence toward the question,
“How TEMPORALLY DEMANDING was the use of the scalpel and cutting through membrane
task using CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“TEMPORAL DEMAND using the scalpel and cutting through membrane task using CricSim”,
rather as indicated in Figure 146 the mode of sample population (42%) indicates the
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TEMPORAL DEMAND of using CricSim for Task 3 of using the scalpel and cutting through the
membrane low (-3) while the average for the population of -1.5 and a median of -2 tend
toward low. 12% believed it was neither low nor high. 0% of the trainees believed that the
TEMPORAL DEMAND was high.

Figure 146. TASK 3 – TEMPORAL DEMAND to use a scalpel and cut through a membrane
using CricSim
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Data and Analysis for Performance:
Table 75. TASK 3 – Self Assessment of Successful PERFORMANCE to use a scalpel and cut
through a membrane using CricSim
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Figure 147. TASK 3 – Wilcoxon PSR Test of ambivalence about Successful PERFORMANCE to
use the scalpel and cut through the membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PERFORMANCE in using the
scalpel and cutting through a membrane task using CricSim. Based on a p value of 0.0004
shown in Figure 147, the null hypothesis for ambivalence toward the question, “How was
your PERFORMANCE in using the scalpel and cutting through membrane task using
CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“PERFORMANCE using the scalpel and cutting through a membrane task using CricSim”,
rather as indicated in Figure 148 the mode of the sample population (54%) indicates the
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PERFORMANCE in using CricSim for Task 2 in using the scalpel and cutting through a
membrane using CricSim is high (3) while the average for the population of 1.69 and a
medium of 3 toward high. 19% considered it neither high nor low. 4% of the trainees
believed that the PERFORMANCE was low.

Figure 148. TASK 3 – Successful PERFORMANCE to use a scalpel and cut through a
membrane using CricSim
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Data and Analysis for Level of Effort:
Table 76. TASK 3 – LEVEL OF EFFORT to use a scalpel and cut through a membrane using
CricSim
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Figure 149. TASK 3 – Wilcoxon PSR Test of ambivalence about LEVEL OF EFFORT to use a
scalpel and cut through a membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF EFFORT in using
the scalpel and cutting through membrane task using CricSim. Based on a p value of 0.0345
shown in Figure 149, the null hypothesis for ambivalence toward the question, “How much
EFFORT was required in using the scalpel and cutting through membrane task using
CricSim?” MAY be statistically rejected based on p but with a caveat. The observed beta
error of approximately 0.55 (see post hoc calculation below using G*Power 3.1.6 and all 26
values) is greater than the theoretical .2 that our sample size infers we should have
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observed, based on Cohen’s priori (not shown) single sample calculation. This infers
possible issues with the data. The population to perform the Wilcoxon PSR analysis is only
22. Further, the sample effect size is only 0.387 using a mean of -0.769 in G*Power shown
below. Using a median of .05 in G*Power yields an effect size of only 0.2955083 (not
shown). Given that the experimental scale measured differences in respondent feedback is
based on whole integers, what is the practical impact of such a small effect size? It is
unlikely that there is any practical difference at all. Other statistical information about
sample population is not ambivalent about, “EFFORT using the scalpel and cutting through
membrane task using CricSim”, as indicated in Figure 152 the mode of sample population
(27%) indicates the LEVEL OF EFFORT of using CricSim for Task 3 of using the scalpel and
cutting through the membrane low (-3) while the average for the population of -.77 and a
median of -1 tend toward low. Thus one may reject the hypothesis; however given the
small effect size and violation of beta in our experiment design, we suggest caution. 15%
believed it was neither low nor high. 12% of the trainees believed that the LEVEL OF
EFFORT was high.
Our statistical method and scale may not be capturing all the issues related to this
research question, the research question itself may be subject to multiple interpretations by
the respondents, the effect size as measured by the interval of the scale used in the
research may not correspond to an effect size of practical significance, or the respondents
themselves may vary in qualification to answer the question posed.
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In summary, while the p value indicates the null can be rejected, there is conflict in
the statistical data and therefore we believe our findings on this research are inconclusive.
Thus we shall assume that the level of effort for this task in CricSim tend toward “medium”
in NASA TLX terminology. One could accept that the Wilcoxon PSR test indicates that
ambivalence can be rejected, according to Cohen, with a beta of .55. This rejection may for
some be acceptable, as it is confirmed by the mode, median and average of the entire
sample.

Figure 150. Descriptive Statistics for TASK 3 – Successful PERFORMANCE to use a scalpel and
cut through a membrane using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 151. TASK 3 – Successful PERFORMANCE to use a scalpel and cut through a
membrane using CricSim
G*Power 3.1.6 Actual Power = 0.45 Based on Sample Size 26
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Figure 152. TASK 3 – LEVEL OF EFFORT to use a scalpel and cut through a membrane using
CricSim
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Data and Analysis for Level of Frustration:
Table 77. TASK 3 – LEVEL OF FRUSTRATION to use a scalpel and cut through membrane
using CricSim
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Figure 153. TASK 3 – Wilcoxon PSR Test of ambivalence about LEVEL OF FRUSTRATION to
use scalpel and cut through membrane using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the FRUSTRATION in using the
scalpel and cutting through membrane task using CricSim. Based on a p value of 0.0018
shown in Figure 153, the null hypothesis for ambivalence toward the question, “How
FRUSTRATING was it in using the scalpel and cutting through membrane task using
CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“FRUSTRATION using the scalpel and cutting through membrane task using CricSim”, rather
as indicated in Figure 154, the mode of sample population (54%) indicates the
FRUSTRATION of using CricSim for Task 3 of using the scalpel and cutting through the
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membrane low (-3) while the average for the population of -.77 and a median of -3 tend
toward low. 15% believed it was neither low nor high. 12% of the trainees believed that
the LEVEL OF FRUSTRATION.

Figure 154. TASK 3 – LEVEL OF FRUSTRATION to use scalpel and cut through membrane
using CricSim
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TASK 4 - After dilating the opening, insert Lt tube or cannula using CricSim
Data and Analysis for Mental Demand:
Table 78. TASK 4 – MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using CricSim
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Figure 155. TASK 4 – Wilcoxon PSR Test of ambivalence about CricSim MENTAL DEMAND
after dilating the opening, inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the MENTAL DEMAND in after
dilating the opening, inserting the Lt tube or cannula task using CricSim. Based on a p value
of 0.0502 shown in Figure 155, the null hypothesis for ambivalence toward the question,
“How MENTALLY DEMAND was it after dilating the opening, inserting the Lt tube or cannula
using CricSim?” MAY NOT be statistically rejected based on p but with several caveat.
Further, the observed beta error (a failure to reject a false hypothesis) of approximately
0.58 (see post hoc calculation below using G*Power 3.1.6 and all 26 values) is greater than
the theoretical .2 that our sample size infers we should have observed, based on Cohen’s
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priori (not shown) single sample calculation. This infers possible issues with the data. The
population to perform the Wilcoxon PSR analysis is only 20. Further, the sample effect size
is only 0.367 using a mean of -0.730 in G*Power shown below. Using a median of .05 in
G*Power yields an effect size of only 0.2955083 (not shown). Given that the experimental
scale measured differences in respondent feedback is based on whole integers, what is the
practical impact of such a small effect size? It is unlikely that there is any practical
difference at all. The number of students responding to low and either low nor high is the
same (23%). Wilcoxon signed rank tests throws out ties. Some statistical information from
the sample population is not ambivalent about “MENTAL DEMAND after dilating the
opening, inserting the Lt tube or cannula task using CricSim” as the median of -2 tend
toward low and while the average for the population of -.69 also tends toward low. 12% of
the trainees believed that the MENTAL DEMAND was high. More interesting and as
indicated in Figure 158 there are THREE modes in the sample population (23%) low (-3),
tend toward low (-2) and neither low nor high (0).
In summary, the p value indicates the null can NOT be rejected as there is conflict in
the statistical data and therefore we believe our findings on this research can NOT reject
the null. Thus we shall assume that the level of effort for this task in CricSim tend toward
“medium” in NASA TLX terminology.
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Figure 156. Descriptive Statistics for TASK 4 – MENTAL DEMAND after dilating the opening,
insert Lt tube or cannula using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 157. TASK 4 – MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using CricSim
G*Power 3.1.6 Actual Power = .418 for Sample Size 26
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Figure 158. TASK 4 – MENTAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim
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Data and Analysis for Physical Demand:
Table 79. TASK 4 – PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim
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Figure 159. TASK 4 – Wilcoxon PSR Test of ambivalence about PHYSICAL DEMAND after
dilating the opening, and inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the PHYSICAL DEMAND in after
dilating the opening, inserting the Lt tube or cannula task using CricSim. Based on a p value
of <0.0093 shown in Figure 159, the null hypothesis for ambivalence toward the question,
“How PHYSICALLY DEMAND was it after dilating the opening, inserting the Lt tube or
cannula using CricSim?,” CAN be rejected. The sample population is not ambivalent about,
“PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or cannula task using
CricSim”, rather as indicated in Figure 161, the mode of the sample population reports a
median of -2 towards low, (23%) indicates the PHYSICAL DEMAND of using CricSim for Task
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4 of after dilating the opening, inserting the Lt tube or cannula task using CricSim low (-3)
while the average for the population of -1.35. 19% believed it was neither low nor high. 4%
of the trainees believed that the PHYSICAL DEMAND was high.

Figure 160. TASK 4 PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim

350

Data and Analysis for Temporal Demand:
Table 80. TASK4 - TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim
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Figure 161. TASK 4 - Wilcoxon PSR Test on ambivalence about TEMPORAL DEMAND after
dilating the opening, and inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the TEMPORAL DEMAND in
after dilating the opening, inserting the Lt tube or cannula task using CricSim. Based on a p
value of <0.0156 shown in Figure 161, the null hypothesis for ambivalence toward the
question, “How TEMPORALLY DEMANDING was it in after dilating the opening, inserting the
Lt tube or cannula task using CricSim?,” CAN be rejected. The sample population is not
ambivalent about, “TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or
cannula task using CricSim, rather as indicated in Figure 162, the mode of sample
population (27%) indicates the TEMPORAL DEMAND of using CricSim for Task 4 of after
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dilating the opening, inserting the Lt tube or cannula task using CricSim low (-3) while the
average for the population of -.96 and a median of -1.5 tend toward low. 19% believed it
was neither low nor high. 8% of the trainees believed that the TEMPORAL DEMAND was
high.

Figure 162. TASK 4 – TEMPORAL DEMAND after dilating the opening, and inserting the Lt
tube or cannula using CricSim
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Data and Analysis for Performance:
Table 81. TASK 4 – Self Assessment of Successful PERFORMANCE after dilating the opening,
and inserting the Lt tube or cannula using CricSim
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Figure 163. TASK 4 – Wilcoxon PSR Test on ambivalence about Successful PERFORMANCE
after dilating the opening, and inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of neither high nor low (ambivalence)
regarding the PERFORMANCE after dilating the opening, insert the Lt tube or cannula task
using CricSim. Based on a p value of 0.0021 shown in Figure 163, the null hypothesis for
ambivalence toward the question, “How was your PERFORMANCE after dilating the
opening, inserting the Lt tube or cannula task using CricSim?” MAY be statistically rejected
based on the p value. Further the observed beta error of approximately 0.07 (see post hoc
calculation below using G*Power 3.1.6 and all 26 values) confirms the rejection on alpha as
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beta is within the theoretical .2 that our sample size infers we should have observed, based
on Cohen’s priori (not shown) single sample calculation. In terms of other statistical
information from the sample population towards not being ambivalent about,
“PERFORMANCE after dilating the opening, inserting the Lt tube or cannula task using
CricSim”, displayed in Figure 166 the mode of the sample population (35%) indicates the
PERFORMANCE as neither high nor low (0). The average for the population of 1.08 and a
median of 1 tend toward high. 31% considered PERFORMANCE high. 4% of the trainees
considered PERFORMANCE with the use of CricSim for task 4 low.
While our statistical method and scale may not be capturing all the issues related to
this research question the research question itself may be subject to multiple
interpretations by the respondents, the effect size as measured by the interval of the scale
used in the research may not correspond to an effect size of practical significance, or the
respondents themselves may vary in qualification to answer the question posed, the
preponderance of the data indicates a trend toward high nor low and the null hypothesis
can be rejected.
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Figure 164. Descriptive Statistics for TASK 4 – Self Assessment of Successful PERFORMANCE
after dilating the opening, and inserting the Lt tube or cannula using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 165. TASK 4 – Self Assessment of Successful PERFORMANCE after dilating the
opening, and inserting the Lt tube or cannula using CricSim
G*Power 3.1.6 Actual Power = 0.933 Based on Sample Size 26
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Figure 166. TASK 4 –Successful PERFORMANCE after dilating the opening, and inserting the
Lt tube or cannula using CricSim
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Data and Analysis for Level of Effort:
Table 82. TASK 4 – LEVEL OF EFFORT after dilating the opening, and inserting the Lt tube or
cannula using CricSim
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Figure 167. TASK4 - Wilcoxon PSR Test on ambivalence about LEVEL OF EFFORT after
dilating the opening, and inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL EFFORT in after
dilating the opening, inserting the Lt tube or cannula task using CricSim. Based on a p value
of 0.3071 shown in Figure 167, the null hypothesis for ambivalence toward the question,
“How much EFFORT was it after dilating the opening, inserting the Lt tube or cannula task
using CricSim?’” MAY NOT be statistically rejected. The observed beta error (probability of
accepting a false null) of approximately 0.93 (see post hoc calculation below using G*Power
3.1.6 and all 26 values) is also greater than the theoretical .2 that our sample size infers we
should have observed, based on Cohen’s priori (not shown) single sample calculation. This
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infers possible issues with the data. The population to perform the Wilcoxon PSR analysis is
only 21. Further, the sample effect size is only 0.074 using a mean of 0.153 in G*Power
shown below. Using a median of .05 in G*Power yields an effect size of only 0.2955083 (not
shown). Given that the experimental scale measured differences in respondent feedback is
based on whole integers, what is the practical impact of such a small effect size? It is
unlikely that there is any practical difference at all. There is also conflicting statistical
information from the sample population towards not being ambivalent about, “LEVEL
EFFORT after dilating the opening, inserting the Lt tube or cannula task using CricSim”,
rather as indicated in Figure 170, the mode of sample population (23%) indicates the LEVEL
OF EFFORT of using CricSim for Task 4 of after dilating the opening, inserting the Lt tube or
cannula task using CricSim low (-3), while the average for the population of -0.15 and a
median of 0 tend toward medium. 19% believed it was neither low nor high. 12% of the
trainees believed that the LEVEL OF EFFORT was high.
Our statistical method and scale may not be capturing all the issues related to this
research question, the research question itself may be subject to multiple interpretations by
the respondents, the effect size as measured by the interval of the scale used in the
research may not correspond to an effect size of practical significance, or the respondents
themselves may vary in qualification to answer the question posed.
In summary, while the p value indicates the null can be accepted, there is conflict in
the statistical data and therefore we believe our findings on this research are inconclusive.
Thus we shall assume that the level of effort for this task in CricSim tend toward “medium”
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in NASA TLX terminology. The Wilcoxon PSR test indicates that ambivalence can NOT be
rejected, according to Cohen, but with a beta error of .935. Further, there is reduced
number of responses used in the Wilcoxon PSR test due to technique of elimination of zero
responses.

Figure 168. Descriptive Statistics for TASK4 – LEVEL OF EFFORT after dilating the opening,
and inserting the Lt tube or cannula using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 169. TASK4 – LEVEL OF EFFORT after dilating the opening, and inserting the Lt tube or
cannula using CricSim
G*Power 3.1 .6 - Actual Power .0645 Based on Sample Size 26
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Figure 170. TASK4 – LEVEL OF EFFORT after dilating the opening, inserting the Lt tube or
cannula using CricSim
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Data and Analysis for Level of Frustration:
Table 83. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using CricSim
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Figure 171. Wilcoxon PSR Test on ambivalence about LEVEL OF FRUSTRATION after dilating
the opening, and inserting the Lt tube or cannula using CricSim
Source: http://www.statstodo.com/Wilcoxon_Pgm.php

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis regarding the LEVEL OF FRUSTRATION in
after dilating the opening, inserting the Lt tube or cannula task using CricSim. Based on a p
value of 0.1766 shown in Figure 171, the null hypothesis for ambivalence toward the
question, “How much FRUSTRATION was it after dilating the opening, inserting the Lt tube
or cannula task using CricSim?” MAY NOT statistically be rejected based on the p value. The
observed beta error (probability of accepting a false null) of approximately 0.05 (see post
hoc calculation below using G*Power 3.1.6 and all 26 values) is less than the theoretical .2
that our sample size, based on Cohen’s priori (not shown) single sample calculation. This
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confirms our failure to reject the null. However, one need only look at Figure 174 to
suspect a bimodal population. The bimodality coefficient b equal to one is the Bernoulli
distribution, whereas the uniform distribution is 0.555. Calculating the bimodality
coefficient for this data given kurtosis of 1.377 and skewness of .32 reveals a bimodality
coefficient value of .2308. Therefore while there is an appearance of bimodality, there is
not sufficient statistical evidence for bimodality. There is also conflicting statistical
information from the sample population towards not being ambivalent about, “The sample
population is ambivalent about, “FRUSTRATION after dilating the opening, inserting the Lt
tube or cannula task using CricSim”, rather as indicated in figure 184 the mode of sample
population (42%) indicates the LEVEL OF FRUSTRATION of using CricSim for Task 4 of after
dilating the opening, inserting the Lt tube or cannula task using CricSim low (-3), while the
average for the population of -0.5 and a median of -2.5 tend toward low. 8% believed it was
neither low nor high. 27% of the trainees believed that the LEVEL OF FRUSTRATION was
high.
Our statistical method and scale may not be capturing all the issues related to this
research question, the research question itself may be subject to multiple interpretations by
the respondents, the effect size as measured by the interval of the scale used in the
research may not correspond to an effect size of practical significance, or the respondents
themselves may vary in qualification to answer the question posed.
In summary, the p value indicates the null cannot be rejected. The Wilcoxon PSR
test indicates that ambivalence cannot be rejected, according to Cohen, with a low beta
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error of .05 despite the reduced number of responses used in the Wilcoxon PSR test due to
technique of elimination of zero responses. The data reveals conflicting views by the
participants. A large percentage of participants reported that the level of frustration was
high (42%) as well as those reporting that it was low (27%). There are very few in the
middle indicating a split decision on this issue as indicated in Figure 172.

Figure 172. Descriptive Statistics for TASK 4 – LEVEL OF FRUSTRATION after dilating the
opening, inserting the Lt tube or cannula using CricSim
http://www.easycalculation.com/statistics/standard-deviation.php
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Figure 173. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using CricSim
G*Power 3.1.6 - Actual Power = 0.95 Based on Sample Size 26
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Figure 174. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using CricSim
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CHAPTER FIVE: CRICSIM TO HAPMED EQUIVALENCE COMPARISONS USING TAM AND THE
NASA TLX

This chapter provides CricSim to HapMed equivalence comparisons using the
Technology Acceptance Model and the NASA Task Load Index experiment results. The
focus is on analysis to determine if there is equivalence between CricSim and the HapMed
simulators.

Technology Acceptance Model
Analysis of the equivalence of the HapMed and CricSim using the technology
acceptance model are presented below for critical components “learn to operate would be
easy for me”, “easy to become skillful” as well as “clear and understandable” visual and
tactile feedback, “realistic and recognizable force” feedback, and “recommend training”.
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TAM: “Learn to operate would be easy for me” Analysis

Table 84. HapMed and CricSim Equivalence Comparison for “learn to operate would be easy
for me”
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Table 85. CricSim and HapMed Equivalence Comparison for “Learn to operate would be
easy for me” - Weighted Data
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Figure 175. Wilcoxon PSR Test CricSim and HapMed Equivalence Comparison for “Learn to
operate would be easy for me”
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

There is a potential outlier as it is MORE than four standard deviations from center.
Douglas C. Montgomery advises, “We should be careful not to reject or discard an outlying
observation unless we have reasonable non-statistical grounds for doing so." Since there
are not any known non-statistical grounds for rejecting or discarding the data, the data are
included as part of this study. This research assumes that an observed probability of a
sample distribution where p ≤ .05 is a basis for rejection of the null hypothesis of
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equivalence for, “Learning to operate” either CricSim or HapMed “would be easy for me”.
Both a W-value and Z-value were calculated. When the size of N is at least 20, the
distribution of the Wilcoxon W statistic tends to form a normal distribution. In this situation,
where the size of N is low, the W-value to evaluate the hypothesis is recommended. An
explanation is provided below in Table 86 for those not familiar with the Wilcoxon W value.
Table 86. Critical Values for the Wilcoxon Test
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In this case, the critical value of W for N = 8 at p≤ 0.05 is 3 according to
http://www.socscistatistics.com/tests/signedranks/Default2.aspx, while the table of above
indicates for an N of eight W =4 p ≤ 0.05, W = 2 ≤ 0.02 and W = 0 ≤ 0.01. Therefore, with an
N of 8 and an observed W of zero,
http://www.socscistatistics.com/tests/signedranks/Default2.aspx indicates W is significant
at p≤ 0.05 as shown in Figure 175 and the Table 86 indicates W is significant at p ≤ 0.01.
The null hypothesis that the response levels for “Learning to operate HapMed is easy for
me” and “Learning to operate CricSim is easy for me” are equivalent for the sample
population CAN be rejected based on the Wilcoxon matched pairs signed rank test W value
but not based on a Z value. The directional sign of the input data indicates that the CricSim
would be easier to learn to operate than the HapMed.
Further analysis of this data indicates that the standard deviation and mean are as
shown below.
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Figure 176. Descriptive Statistics for Learning to Operate would be Easy CricSim and
HapMed Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

In analysis of the observed power of the result, the Laplace distribution was
assumed due to the flat tails. Analysis using G*Power 3.1.6 provides the following result.

378

Figure 177. Learn to Operate would be Easy, CricSim and HapMed Comparison G*Power
3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that CricSim would be easier to learn to operate than the HapMed
accepted.
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TAM: “Easy to become skillful performing a Cricothyroidotomy” Analysis

Table 87. CricSim and HapMed Comparison – Easy to become skillful performing a
Cricothyroidotomy
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Table 88. CricSim and HapMed Comparison – Easy to become Skillful performing a
Cricothyroidotomy Weighted Data
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Figure 178. Wilcoxon PSR Test HapMed and CricSim Comparison – Easy to become Skillful
performing a Cricothyroidotomy
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statements “It
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would be easy for me to become skillful at cricothyroidotomy using CricSim” and the
corresponding statement for “HapMed.” Based on the inability to calculate a p value shown
in figure xx, the null hypothesis that the response levels for “It would be easy for me to
become skillful at cricothyroidotomy using CricSim” and “It would be easy for me to become
skillful at cricothyroidotomy using HapMed” are equivalent for the sample population CAN
NOT be rejected based on either the Wilcoxon matched pairs signed rank test W value or Z
value as N is too small to calculate a reliable p value.
Further analysis of beta error is based on the following data, mean, and standard
deviation.

Figure 179. Descriptive Statistics for CricSim and HapMed Comparison – Easy to become
Skillful performing a Cricothyroidotomy
http://www.easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 180. CricSim and HapMed Comparison – Easy to become Skillful performing a
Cricothyroidotomy
G*Power 3.1.6 Actual Power = .538
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With observed power of only 53.9%, the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 42.1% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.

TAM: “Visual Interaction Clear and Understandable” Analysis

Table 89. HapMed and CricSim Comparison – Clear and understandable VISUAL
INTERACTION
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Table 90. CricSim and HapMed Comparison – Clear and Understandable VISUAL
INTERACTION Weighted Data
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Figure 181. Wilcoxon PSR Test HapMed and CricSim Comparison – Clear and
Understandable VISUAL INTERACTION

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence between the statement
“My VISUAL INTERACTION is clear and understandable within HapMed” and the
corresponding statement for “CricSim.” Both a W-value and Z-value were calculated. When
the size of N is at least 20, the distribution of the Wilcoxon W statistic tends to form a
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normal distribution. In this situation, where the size of N is low, the W-value to evaluate the
hypothesis is recommended. The W value is 0. The critical value for W given N = 11 at
p<0.05 is 10 and the result is significant at that level. Using Table 86, critical value for W
given N= 11 at p ≤ .01 is 5; therefore these findings are significant at .01 Beyond W, a Z
value could be computed for this comparison resulting in a p value 0.00338 shown in Figure
181. Thus, the null hypothesis that the response levels for “My VISUAL INTERACTION is
clear and understandable within HapMed” and “My VISUAL INTERACTION is clear and
understandable within CricSim” are equivalent for the sample population and CAN be
rejected based on both the Wilcoxon matched pairs signed rank test Z and W values. The
directional sign of the input data indicates that the CricSim provides a more clear and
understandable VISUAL INTERACTION than the HapMed.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 182. Descriptive Statistics for HapMed and CricSim Comparison – Clear and
Understandable VISUAL INTERACTION
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Normal distribution yields the following.
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Figure 183. HapMed and CricSim Comparison – Clear and Understandable VISUAL
INTERACTION G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that CricSim provides a more clear and understandable VISUAL
INTERACTION than the HapMed accepted.
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TAM: “Tactile Interaction Clear and Understandable” Analysis

Table 91. CricSim and HapMed Comparison – Tactile (sense of touch) interactions were
clear and understandable

391

Table 92. CricSim and HapMed Comparison – tactile (SENSE OF TOUCH) interactions were
clear and understandable Weighted Data

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “My
tactile (SENSE OF TOUCH) interactions were clear and understandable within HapMed” and
the corresponding statement for “CricSim.” Based on the inability to calculate a p value
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shown in Figure xx, the null hypothesis that the response levels for “My tactile (SENSE OF
TOUCH) interactions were clear and understandable within HapMed” and “My tactile
(SENSE OF TOUCH) interactions were clear and understandable within CricSim” are
equivalent for the sample population CAN NOT be rejected based on either the Wilcoxon
matched pairs signed rank test W value or Z value as N is too small to calculate a reliable p
value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 184. Descriptive Statistics for CricSim and HapMed Comparison – tactile (SENSE OF
TOUCH) interactions were clear and understandable
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 185. SENSE OF TOUCH clear and understandable within CricSim and HapMed Analysis
G*Power 3.1.6

394

With observed power of only 10.7%, the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 89.3% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.

TAM: “Sense of Force Feedback is Realistic and Recognizable” Analysis

Table 93. HapMed and CricSim Comparison – sense of force feedback is realistic and
recognizable

395

Table 94. HapMed and CricSim Comparison – SENSE OF FORCE FEEDBACK is realistic and
recognizable Weighted Data
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Figure 186. Wilcoxon PSR Test HapMed and CricSim Comparison – SENSE OF FORCE
FEEDBACK Interaction

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statements, “My
SENSE OF FORCE FEEDBACK is realistic and recognizable within HapMed” and the
corresponding statement for “CricSim.” Both a W-value and Z-value were calculated. When
the size of N is at least 20, then the distribution of the Wilcoxon W statistic tends to form a
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normal distribution. In this situation when the size of N is low, the W-value to evaluate the
hypothesis is recommended. The critical value of W for N = 6 at p≤ 0.05 is 0. Therefore, the
result is not significant at p≤ 0.05 as shown in Figure 186. The null hypothesis that the
response levels for “My SENSE OF FORCE FEEDBACK” within HapMed is realistic and
recognizable.” and “My SENSE OF FORCE FEEBACK” within CricSim is realistic and
recognizable” CAN NOT be rejected based on the Wilcoxon matched pairs signed rank test
W value nor based on a Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 187. Descriptive Statistics for Sense of Force of Feedback within HapMed is realistic
and recognizable - CricSim and HapMed Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 188. Sense of Force Feedback Analysis G*Power 3.1.6
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With observed power of only 8.4%, the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 91.6% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.

TAM: “Recommend of CricSim or HapMed Training” Analysis
Recommend CricSim or HapMed training Comparison:
Given that 23 of 26 students recommended CricSim training and 24 of 26 students
recommended HapMed training, N will equal 1. An N of one is insufficient to create either a
Z or W value at the specified .05 level of significance. Therefore, the assumption of
equivalence of CricSim and HapMed training CAN NOT be rejected.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 189. Descriptive Statistics for TAM: “Recommendation of CricSim or HapMed “
Source: http://easycalculation.com/statistics/standard-deviation.php
Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 190. Sense of Force Feedback CricSim and HapMed Comparison G*Power 3.1.6

With observed power of only 23%, the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 77% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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NASA TLX Analysis
Analysis of the equivalence of the HapMed and CricSim using the NASA TLX are
presented below for its critical components of Mental Demand, Physical Demand, Temporal
Demand, Assessment of Successful Performance, Level of Effort and Level of Frustration for
each of the four tasks (phases) that make up the cricothyroid procedure.

Data and Analysis for Task 1

Data and Analysis for Task 1 Mental Demand to correctly locate cricothyroid membrane
using CricSim and HapMed
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Table 95. TASK 1 – MENTAL DEMAND to correctly locate cricothyroid membrane using
CricSim and HapMed
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Table 96. TASK 1 – MENTAL DEMAND to correctly locate cricothyroid membrane using
CricSim and HapMed Weighted Data
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Figure 191. TASK 1 – MENTAL DEMAND to correctly locate cricothyroid membrane using
CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement for the
MENTAL DEMAND to correctly locate cricothyroid membrane using CricSim and HapMed.
Both a W-value and Z-value were calculated. When the size of N is at least 20, the
distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
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situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended. The W value is 25. The critical value for W given N=10 at p ≤ .05 is 8 and
the result is NOT significant at that level. Using Figure 191, critical value for W given N=14 at
p<.01 is 3; therefore these findings are NOT significant at .01. Beyond W, a Z value could be
computed for this comparison resulting in a p value of 0.80258 illustrated in Figure 191
Thus, the response levels for “MENTAL DEMAND to correctly locate cricothyroid
membrane using CricSim and HapMed” are equivalent for the sample population CAN NOT
be rejected.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 192. Descriptive Statistics for CricSim and HapMed Mental Demand Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 193. CricSim and HapMed Mental Demand Comparison G*Power 3.1.6

With observed power of only 17%, the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 83% chance of
being in error. Hence, our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 1 Physical Demand to correctly locate cricothyroid membrane
using CricSim and HapMed

Table 97. TASK 1 – PHYSICAL DEMAND to correctly locate cricothyroid membrane using
CricSim

410

Figure 194. Wilcoxon PSR Test TASK 1 – PHYSICAL DEMAND to correctly locate cricothyroid
membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx
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This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PHYSICAL DEMAND to correctly locate cricothyroid membrane using CricSim and
HapMed.” Based on the inability to calculate a p value, the null hypothesis that the
response levels for “PHYSICAL DEMAND to correctly locate cricothyroid membrane using
CricSim and HapMed” are equivalent for the sample population and CAN NOT be rejected
based on either the Wilcoxon matched pairs signed rank test W value or Z value as N is too
small to calculate a reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 195. Descriptive Statistics for CricSim and HapMed Physical Demand Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 196. Task 1 CricSim and HapMed Physical Demand Comparison G*Power 3.1.6

With observed power of only 5% the experimental design assumptions were not met
and hence accepting the null hypothesis as true has an approximate 95% chance of being in
error. Hence, our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 1 Temporal Demand to correctly locate cricothyroid membrane
using CricSim and HapMed

Table 98. TASK 1 TEMPORAL DEMAND in correctly locating cricothyroid membrane using
CricSim and HapMed

414

Table 99. TASK 1 TEMPORAL DEMAND in correctly locating cricothyroid membrane using
CricSim and HapMed Weighted Data
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Figure 197. Wilcoxon PSR Test TASK 1 TEMPORAL DEMAND in correctly locating cricothyroid
membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“TEMPORAL DEMAND to correctly locate cricothyroid membrane using CricSim and
HapMed. Both a W-value and Z-value were calculated. When the size of N is at least 20, the
distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
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situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended. The W value is 0. The critical value for W given N=10 at p ≤ .05 is 8 and the
result is significant at that level. Using Table 86, critical value for W given N=14 at p<.01 is 3;
therefore these findings are significant at .01. Beyond W, a Z value could be computed for
this comparison resulting in a p value of <0.00512 illustrated in Figure 197. Thus, the
response levels for “TEMPORAL DEMAND to correctly locate cricothyroid membrane using
CricSim and HapMed” are equivalent for the sample population and CAN be rejected as a
result of the Wilcoxon matched pairs signed rank test Z and W values. The directional sign
of the input data indicates that the TEMPORAL DEMAND is higher with HapMed for Task 1
in the procedure, “To correctly locate cricothyroid membrane using CricSim and HapMed.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 198. Descriptive Statistics for CricSim and HapMed Temporal Demand Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

418

Figure 199. Task 1 CricSim and HapMed Temporal Demand Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that TEMPORAL DEMAND is higher with HapMed than with CricSim
accepted for Task 1.
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Data and Analysis for Task 1 Performance to correctly locate cricothyroid membrane using
CricSim and HapMed

Table 100. TASK 1 – Self Assessment of Successful PERFORMANCE to correctly locate
cricothyroid membrane using CricSim and HapMed
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Table 101. TASK 1 – Self Assessment of Successful PERFORMANCE to correctly locate
cricothyroid membrane using CricSim and HapMed Weighted Data

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PERFORMANCE” to correctly locate cricothyroid membrane using CricSim and HapMed.
Based on the inability to calculate a p value, the null hypothesis that the response levels for
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“PERFORMANCE to correctly locate the cricothyroid membrane using CricSim and HapMed”
are equivalent for the sample population and CAN NOT be rejected based on either the
Wilcoxon matched pairs signed rank test W value or Z value as N is too small to calculate a
reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 200. Descriptive Statistics for Task 1 CricSim and HapMed Performance Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

422

Figure 201. Task 1 CricSim and HapMed Performance Comparison G*Power 3.1.6

With observed power of only .667% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 95% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 1 Performance to correctly locate cricothyroid membrane using
CricSim and HapMed

Table 102. TASK 1 CricSim and HapMed LEVEL OF EFFORT to correctly locate cricothyroid
membrane
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Table 103. TASK 1 CricSim and HapMed LEVEL OF EFFORT to correctly locate cricothyroid
membrane Weighted Data
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Figure 202. Wilcoxon PSR Test TASK 1 CricSim and HapMed LEVEL OF EFFORT to correctly
locate cricothyroid membrane
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF EFFORT” to correctly locate cricothyroid membrane using CricSim and HapMed. Both a
W-value and Z-value were calculated. When the size of N is at least 20, the distribution of
the Wilcoxon W statistic tends to form a normal distribution. In this situation, where the
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size of N is low, the W-value to evaluate the hypothesis is recommended. The W value is
15. The critical value for W given N=14 at p ≤ .05 is 21 and the result is significant at that
level. Using Table 86, critical value for W given N=14 at p<.01 is 13; therefore these findings
are significant at .01. Beyond W, a Z value could be computed for this comparison resulting
in a p value of <0.01878 shown in Figure 202. Thus, the response levels for “LEVEL OF
EFFORT to correctly locate cricothyroid membrane using CricSim and HapMed” are
equivalent for the sample population CAN be rejected as a result of the Wilcoxon matched
pairs signed rank test Z and W values. The directional sign of the input data indicates that
the LEVEL OF EFFORT is higher with HapMed for Task 1 in the procedure, “To correctly
locate cricothyroid membrane using CricSim and HapMed”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 203. Descriptive Statistics for CricSm and HapMed Level of Effort Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 204. CricSim and HapMed Level of Effort Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed that
the LEVEL OF EFFORT is higher with HapMed than CricSim in the procedure, “To correctly
locate cricothyroid membrane using CricSim and HapMed” accepted.
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Data and Analysis for Task 1 Level of Frustration to correctly locate cricothyroid membrane
using CricSim and HapMed

Table 104. TASK 1 –LEVEL OF FRUSTRATION to correctly locate cricothyroid membrane using
CricSim and HapMed
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Table 105. TASK 1 –LEVEL OF FRUSTRATION to correctly locate cricothyroid membrane using
CricSim and HapMed Weighted Data

431

Figure 205. Wilcoxon PSR Test TASK 1 –LEVEL OF FRUSTRATION to correctly locate
cricothyroid membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF FRUSTRATION to correctly locate cricothyroid membrane using CricSim and HapMed.”
Both a W-value and Z-value were calculated. When the size of N is at least 20 then the
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distribution of the Wilcoxon W statistic tends to form a normal distribution. Since the size of
N is low, the W-value to evaluate the hypothesis is recommended. The W-value is 8. The
critical value of W for N = 7 at p≤ 0.05 is 2. The critical value for W given N=7 at p ≤ .05 is 2
and the result is not significant at that level. Using Table 86, the critical value for W given
N=14 at p<.01 does not compute; therefore these findings are not significant at .01. Beyond
W, a p value using Z value could not be computed accurately due to size as illustrated in
Figure 205.
Thus, the response levels for the “LEVEL OF FRUSTRATION to correctly locate
cricothyroid membrane using CricSim and HapMed” are equivalent for the sample
population CAN NOT be rejected based on the Wilcoxon matched pairs signed rank test W
value, not Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 206. Descriptive Statistics for Task 1 Level of Frustration - CricSim and HapMed
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

In analysis of the observed power of the result, the Laplace distribution was
assumed due to the flat tails. Analysis using G*Power 3.1.6 provides the following result.

434

Figure 207. CricSim and HapMed Level of Frustration Comparison G*Power 3.1.6

With observed power of only .663% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 95% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 2

Data and Analysis for Task 2 Mental Demand to palpate the membrane and make vertical
incision using CricSim and HapMed

Table 106. TASK 2 - MENTAL DEMAND to palpate the membrane and make vertical incision
using CricSim and HapMed
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Table 107. TASK 2 - MENTAL DEMAND to palpate the membrane and make vertical incision
using CricSim and HapMed Weighted Data
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Figure 208. Wilcoxon PSR Test TASK 2 - MENTAL DEMAND to palpate the membrane and
make vertical incision using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“MENTAL DEMAND to palpate the membrane and make vertical incision using CricSim and
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HapMed.” Both a W-value and Z-value were calculated. When the size of N is at least 20,
the distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended. The W value is 0. The critical value for W given N=10 at p ≤ .05 is 8 and the
result is significant at that level. Using Table 86, critical value for W given N=10 at p<.01 is 3;
therefore these findings are significant at .01. Beyond W, a Z value could be computed for
this comparison resulting in a p value of <0.00512 illustrated in Figure 208. Thus, the
response levels for “MENTAL DEMAND to palpate the membrane and make vertical incision
using CricSim and HapMed” are equivalent for the sample population CAN be rejected as a
result of the Wilcoxon matched pairs signed rank test W and Z values. The directional sign
of the input data indicates that the MENTAL DEMAND is higher with CricSim for Task 2 in
the procedure, “To palpate the membrane and make vertical incision using CricSim and
HapMed.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 209. Descriptive Statistics for Task 2 CricSim and HapMed Mental Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 210. Task 2 GPower 3.1.6 CricSim and HapMed Mental Demand Comparison

With observed power of only 39% the experimental design assumptions were not
met and hence accepting the null hypothesis as not true has an approximate 61% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 2 Physical Demand to palpate the membrane and make vertical
incision using CricSim and HapMed

Table 108. TASK 2 – PHYSICAL DEMAND to palpate the membrane and make a vertical
incision using CricSim and HapMed
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Table 109. TASK 2 – PHYSICAL DEMAND to palpate the membrane and make a vertical
incision using CricSim and HapMed Weighted Data
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Figure 211. Wilcoxon PSR Test TASK 2 – PHYSICAL DEMAND to palpate the membrane and
make a vertical incision using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PHYSICAL DEMAND to palpate the membrane and make a vertical incision using CricSim
and HapMed.” Based on the inability to calculate a p value shown in Figure 211, the null
hypothesis that the response levels for “PHYSICAL DEMAND to palpate the membrane and
make a vertical incision using CricSim and HapMed” are equivalent for the sample
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population and CAN NOT be rejected based on either the Wilcoxon matched pairs signed
rank test W value or Z value as N is too small to calculate a reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 212. Descriptive Statistics for Task 2 CricSim and HapMed Physical Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 213. Task 2 CricSim and HapMed Physical Demand Comparison G*Power 3.1.6

With observed power of only 13% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 87% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 2 Temporal Demand to palpate the membrane and make vertical
incision using CricSim and HapMed

Table 110. TASK 2 – TEMPORAL DEMAND to palpate the membrane and make a vertical
incision using CricSim and HapMed
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Table 111. TASK 2 – TEMPORAL DEMAND to palpate the membrane and make a vertical
incision using CricSim and HapMed Weighted Data

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“TEMPORAL DEMAND to palpate the membrane and make a vertical incision using CricSim
and HapMed.” Based on the inability to calculate a p value, the null hypothesis that the
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response levels for “TEMPORAL DEMAND to palpate the membrane and make a vertical
incision using CricSim and HapMed CricSim and HapMed” are equivalent for the sample
population and CAN NOT be rejected based on either the Wilcoxon matched pairs signed
rank test W value or Z value as N is too small to calculate a reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 214. Task 2 CricSim and HapMed Temporal Demand Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Figure 215. Task 2 CricSim and HapMed Temporal Demand Comparison

With observed power of only 10% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 90% chance of
being in error. Hence, our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 2 Performance to palpate the membrane and make vertical
incision using CricSim and HapMed

Table 112. TASK 2 – Self Assessment of Successful PERFORMANCE to palpate the membrane
and make a vertical incision using CricSim and HapMed
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Table 113. TASK 2 – Self Assessment of Successful PERFORMANCE to palpate the membrane
and make a vertical incision using CricSim and HapMed Weighted Data

452

Figure 216. Wilcoxon PSR Test TASK 2 – Self Assessment of Successful PERFORMANCE to
palpate the membrane and make a vertical incision using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PERFORMANCE to palpate the membrane and make a vertical incision using CricSim and
HapMed.” Both a W-value and Z-value were calculated. When the size of N is at least 20,
the distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
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situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended. The W value is 0. . The critical value for W given N=11 at p ≤ .05 is 10 and
the result is significant at that level. Using Table 86, critical value for W given N=11 at p<.01
is 5; therefore these findings are significant at .01. Beyond W, a Z value could be computed
for this comparison resulting in a p value of 0.00338 illustrated in Figure xx. Thus, the
response levels for “PERFORMANCE” to palpate the membrane and make a vertical incision
using CricSim and HapMed are equivalent for the sample population CAN be rejected as a
result of the Wilcoxon matched pairs signed rank test W value and Z value. The directional
sign of the input data indicates that self-assessment of PERFORMANCE is higher with
HapMed for Task 2 in the procedure, “To palpate the membrane and make vertical incision
using CricSim and HapMed.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 217. Descriptive Statistics for Task 2 CricSim and HapMed Performance Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 218. Task 2 CricSim and HapMed Performance Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that assessment of successful PERFORMANCE is higher with HapMed
accepted for Task 2 in the procedure, “To palpate the membrane and make vertical incision
using CricSim and HapMed.”
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Data and Analysis for Task 2 Level of Effort to palpate the membrane and make vertical
incision using CricSim and HapMed

Data and Analysis for Level of Effort
Table 114. TASK 2 – LEVEL OF EFFORT to palpate the membrane and make a vertical incision
using CricSim and HapMed
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Table 115. TASK 2 – LEVEL OF EFFORT to palpate the membrane and make a vertical incision
using CricSim and HapMed Weighted Data
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Figure 219. TASK 2 – LEVEL OF EFFORT to palpate the membrane and make a vertical
incision using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF EFFORT to palpate the membrane and make a vertical incision using CricSim and
HapMed.” Both a W-value and Z-value were calculated. When the size of N is at least 20,
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the distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended.
The critical value for W given N=11 at p ≤ .05 is 10 and the result is NOT significant at
that level. Using Table 86, critical value for W given N=11 at p<.01 is 5; therefore these
findings are NOT significant at .01. Beyond W, a Z value could be computed for this
comparison resulting in a p value of illustrated in Figure 219. Thus, “LEVEL OF EFFORT to
palpate the membrane and make a vertical incision using CricSim and HapMed” are
equivalent for the sample population CAN NOT be rejected based on the Wilcoxon matched
pairs signed rank test W value or Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 220. Descriptive Statistics for Task 2 CricSim and HapMed Level of Effort Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Figure 221. Task 2 CricSim and HapMed Level of Effort Comparison G*Power 3.1.6

With observed power of only 12% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 88% chance of
being in error. Hence, our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 2 Level of Frustration to palpate the membrane and make
vertical incision using CricSim and HapMed

Table 116. TASK 2 – LEVEL OF FRUSTRATION to palpate the membrane and make a vertical
incision using CricSim and HapMed
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Table 117. TASK 2 – LEVEL OF FRUSTRATION to palpate the membrane and make a vertical
incision using CricSim and HapMed
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Figure 222. TASK 2 – LEVEL OF FRUSTRATION to palpate the membrane and make a vertical
incision using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF FRUSTRATION to palpate the membrane and make a vertical incision using CricSim and
HapMed.” Both a W-value and Z-value are calculated. Since the size of N is low, the Wvalue to evaluate the hypothesis is recommended. Based on critical value of W for N = 9 at
463

the p ≤ .05 is 5, the result is significant at p≤ 0.05 as shown in Figure 222. The critical value
for W given N=9 at p ≤ .05 is 5 and the result is significant at that level. Using Table 86,
critical value for W given N=9 at p<.01 is 2; therefore these findings are significant at .01.
Beyond W, a Z value could not be computed for this comparison resulting in a p value as
illustrated in Figure 222. Thus, the response levels for “LEVEL OF FRUSTRATION to palpate
the membrane and make a vertical incision using CricSim and HapMed” are equivalent for
the sample population CAN be rejected as a result of the Wilcoxon matched pairs signed
rank test W value, but not Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 223. Descriptive Statistics for Task 2 CricSim and HapMed Level of Frustration
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 224. Task 2 CricSim and HapMed Level of Frustration Comparison G*Power 3.1.6

With observed power of only 78% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 22% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3

Data and Analysis for Task 3 Mental Demand to use a scalpel and cut through a membrane
using CricSim and HapMed

Table 118. TASK 3 – MENTAL DEMAND to use scalpel and cut through membrane using
CricSim and HapMed
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Table 119. TASK 3 – MENTAL DEMAND to use scalpel and cut through membrane using
CricSim and HapMed Weighted Data
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Figure 225. TASK 3 – MENTAL DEMAND to use a scalpel and cut through membrane using
CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“MENTAL DEMAND to use a scalpel and cut through a membrane using CricSim and
HapMed.” Both a W-value and Z-value were calculated. When the size of N is at least 20,
the distribution of the Wilcoxon W statistic tends to form a normal distribution. In this
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situation, where the size of N is low, the W-value to evaluate the hypothesis is
recommended. The W value is 22. The critical value for W given N=10 at p ≤ .05 is 8 and
the result is not significant at that level. Using Table 86, the critical value for W given N=10
at p<.01 is 3; therefore these findings are not significant at .01. Beyond W, a Z value could
be computed for this comparison resulting in a p value of 0.57548 shown in Figure 225.
Thus, the response levels for “MENTAL DEMAND to use a scalpel and cut through a
membrane using CricSim and HapMed” are equivalent for the sample population CAN NOT
be rejected as a result of the Wilcoxon matched pairs signed rank test W value and Z values.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 226. Descriptive Statistics for Task 3 CricSim and HapMed Mental Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 227. Task 3 GPower 3.1.6 CricSim and HapMed Mental Demand Comparison

With observed power of only 12% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 88% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3 Physical Demand to use a scalpel and cut through a membrane
using CricSim and HapMed

Table 120. TASK 3 – PHYSICAL DEMAND to use the scalpel and cut through membrane using
CricSim and HapMed
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Table 121. TASK 3 – PHYSICAL DEMAND to use the scalpel and cut through membrane using
CricSim and HapMed Weighted Data
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Figure 228. Wilcoxon PSR Test TASK 3 – PHYSICAL DEMAND to use the scalpel and cut
through membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PHYSICAL DEMAND to use a scalpel and cut through a membrane using CricSim and
HapMed.” Both a W-value and Z-value are calculated. Since the size of N is low, the W473

value to evaluate the hypothesis is recommended. Both a W-value and Z-value were
calculated. When the size of N is at least 20, the distribution of the Wilcoxon W statistic
tends to form a normal distribution. In this situation, where the size of N is low, the W-value
to evaluate the hypothesis is recommended. The W value is 13.5. The critical value for W
given N=8 at p ≤ .05 is 3 and the result is NOT significant at that level as shown in Figure228.
Beyond W, a p could not be computed for this comparison based on the Z value shown in
Figure xx. Thus, the response levels for “LEVEL OF FRUSTRATION to use a scalpel and cut
through a membrane using CricSim and HapMed” are equivalent for the sample population
CAN NOT be rejected based on the Wilcoxon matched pairs signed rank test W value, but
not Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 229. Descriptive Statistics for Task 3 CricSim and HapMed Physical Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a Laplace
distribution given flat tails yields the following.

Figure 230. Task 3 CricSim and HapMed Physical Demand Comparison G*Power 3.1.6

With observed power of only 33.3% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 67% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3 Temporal Demand to use a scalpel and cut through a
membrane using CricSim and HapMed

Table 122. TASK 3 – TEMPORAL DEMAND to use the scalpel and cut through the membrane
using CricSim and HapMed
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Table 123. TASK 3 – TEMPORAL DEMAND to use the scalpel and cut through the membrane
using CricSim and HapMed Weighted Data

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“TEMPORAL DEMAND to use a scalpel and cut through a membrane using CricSim and
HapMed.” Based on the inability to calculate a p value, the null hypothesis that the
response levels for “TEMPORAL DEMAND to use a scalpel and cut through a membrane
using CricSim and HapMed” are equivalent for the sample population and CAN NOT be
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rejected based on either the Wilcoxon matched pairs signed rank test W value or Z value as
N is too small to calculate a reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 231. Descriptive Statistics for Task 3 CricSim and HapMed Temporal Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 232. Task 3 CricSim and HapMed Temporal Demand Comparison G*Power 3.1.6

With observed power of only 72% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 28% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3 Performance to use a scalpel and cut through a membrane
using CricSim and HapMed

Table 124. TASK 3 – Self Assessment of Successful PERFORMANCE to use the scalpel and cut
through a membrane using CricSim and HapMed
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Table 125. TASK 3 – Self Assessment of Successful PERFORMANCE to use a scalpel and cut
through a membrane using CricSim and HapMed Weighted Data
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Figure 233. Wilcoxon PSR Test TASK 3 – Self Assessment of Successful PERFORMANCE to use
a scalpel and cut through a membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PERFORMANCE to use a scalpel and cut through a membrane using CricSim and HapMed.”
Based on the inability to calculate a p value shown in Figure 233, the null hypothesis that
the response levels for “PERFORMANCE to use a scalpel and cut through a membrane using
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CricSim and HapMed” are equivalent for the sample population and CAN NOT be rejected
based on either the Wilcoxon matched pairs signed rank test W value or Z value as N is too
small to calculate a reliable p value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 234. Descriptive Statistics for Task 3 CricSim and HapMed Performance Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 235. Task 3 CricSim and HapMed Performance Comparison G*Power 3.1.6

With observed power of only 5% the experimental design assumptions were not met
and hence accepting the null hypothesis as true has an approximate 95% chance of being in
error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3 Level of Effort to use a scalpel and cut through a membrane
using CricSim and HapMed

Table 126. TASK 3 – LEVEL OF EFFORT to use a scalpel and cut through a membrane using
CricSim and HapMed
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Table 127. TASK 3 – LEVEL OF EFFORT to use a scalpel and cut through a membrane using
CricSim and HapMed Weighted Data
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Figure 236. Wilcoxon PSR Test TASK 3 – LEVEL OF EFFORT to use a scalpel and cut through a
membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF EFFORT” to use a scalpel and cut through a membrane using CricSim and HapMed. Both
a W-value and Z-value are calculated. Since the size of N is low the W-value to evaluate the
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hypothesis is recommended. The W value is 13. The critical value for W given N=7 at p ≤
.05 is 2 and the result is NOT significant at that level. Beyond W, a Z value could be
computed for this comparison resulting in an accurate p value as illustrated in Figure xx.
Thus, the response levels for ”LEVEL OF EFFORT to use a scalpel and cut through a
membrane using CricSim and HapMed” are equivalent for the sample population CAN
NOT be rejected based on the Wilcoxon matched pairs signed rank test W value, but not Z
values.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 237. Descriptive Statistics for Task 3 CricSim and HapMed Level of Effort Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 238. Task 3 CricSim and HapMed Level of Effort Comparison G*Power 3.1.6

With observed power of only 6% the experimental design assumptions were not met
and hence accepting the null hypothesis as true has an approximate 94% chance of being in
error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 3 Level of Frustration to use a scalpel and cut through a
membrane using CricSim and HapMed

Table 128. TASK 3 – LEVEL OF FRUSTRATION to use a scalpel and cut through membrane
using CricSim and HapMed

490

Table 129. TASK 3 – LEVEL OF FRUSTRATION to use a scalpel and cut through membrane
using CricSim and HapMed
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Figure 239. Wilcoxon PSR Test TASK 3 – LEVEL OF FRUSTRATION to use a scalpel and cut
through membrane using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF FRUSTRATION to use a scalpel and cut through a membrane using CricSim and HapMed.”
Both a W-value and Z-value are calculated. Since the size of N is low, the W-value to
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evaluate the hypothesis is recommended. The W value is 11. Based on critical value of W
for N = 8 at p ≤ .05 is 3, therefore, the result is not significant at p≤ 0.05 is as illustrated in
Figure 239. The critical value for W given N=8 at p ≤ .05 is 3 and the result is NOT significant
at that level. Beyond W, a Z value could not for this comparison result in a p value as
illustrated in Figure 239. The response levels for “LEVEL OF FRUSTRATION” to use a
scalpel and cut through a membrane using CricSim and HapMed” are equivalent for the
sample population CAN NOT be rejected, based on the Wilcoxon matched pairs signed rank
test W value, but not Z value.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 240. Descriptive Statistics for Task 3 CricSim and HapMed Level of Frustration
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
493

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 241. Task 3 CricSim and HapMed Level of Frustration Comparison G*Power 3.1.6

With observed power of 39% the experimental design assumptions were not met
and hence accepting the null hypothesis as true has an approximate 61% chance of being in
error. Hence our analysis for this factor must be assumed inconclusive.
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Data and Analysis for Task 4

Data and Analysis for Task 4 Mental Demand After dilating the opening, inserting the Lt
tube or cannula

Table 130. TASK 4 – MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using CricSim and HapMed
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Table 131. TASK 4 – MENTAL DEMAND after dilating the opening, insert Lt tube or cannula
using CricSim and HapMed Weighted Data
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Figure 242. Wilcoxon PSR Test TASK 4 – MENTAL DEMAND after dilating the opening, insert
Lt tube or cannula using CricSim
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“MENTAL DEMAND after dilating the opening, inserting the Lt tube or cannula using CricSim
and HapMed. When the size of N is at least 20, the distribution of the Wilcoxon W statistic
tends to form a normal distribution. In this situation, where the size of N is low, the W497

value to evaluate the hypothesis is recommended. Both Z and W were calculated. The W
value is 0. The critical value for W given N=18 at p ≤ .05 is 40 and the result is significant at
that level. Using Table 86, critical value for W given N=18 at p<.01 is 28; therefore these
findings are significant at .01. Beyond W, a Z value could be computed for this comparison
resulting in a p value of 0.0002 as illustrated in Figure 242. Thus, the response levels for
“MENTAL DEMAND after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed” are equivalent for the sample population and CAN be rejected as a
result of the Wilcoxon matched pairs signed rank test Z and W values. The directional sign
of the input data indicates that the CricSim has higher MENTAL DEMAND for Task 4 in the
procedure, “After dilating the opening, inserting the Lt tube or cannula.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 243. Descriptive Statistics for Task 4 CricSim and HapMed Mental Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 244. Task 4 CricSim and HapMed Mental Demand Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that CricSim has higher MENTAL DEMAND for Task 4 in the
procedure, “After dilating the opening, inserting the Lt tube or cannula” than HapMed
accepted.
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Data and Analysis for Task 4 Physical Demand After dilating the opening, inserting the Lt
tube or cannula

Table 132. TASK 4 – PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim and HapMed
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Table 133. TASK 4 – PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim and HapMed
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Figure 245. Wilcoxon PSR Test TASK 4 – PHYSICAL DEMAND after dilating the opening,
inserting the Lt tube or cannula using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed.” When the size of N is at least 20, the distribution of the Wilcoxon W
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statistic tends to form a normal distribution. In this situation, where the size of N is low, the
W-value to evaluate the hypothesis is recommended. Both Z and W were calculated. The
W value is 0. The critical value for W given N=12 at p ≤ .05 is 13 and the result is significant
at that level. Using Table 86, critical value for W given N=12 at p<.01 is 7; therefore these
findings are significant at .01. Beyond W, a Z value could be computed for this comparison
resulting in a p value of 0.00222 shown in Figure 245. Thus, the response levels for
“PHYSICAL DEMAND after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed” are equivalent for the sample population and CAN be rejected based
on the Wilcoxon matched pairs signed rank test Z and W values. The directional sign of the
input data indicates that the CricSim has higher PHYSICAL DEMAND for the procedure,
“After dilating the opening, inserting the Lt tube or cannula.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 246. Descriptive Statistics for Task4 CricSim and HapMed Physical Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 247. Task 4 CricSim and HapMed Physical Demand Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that CricSim has higher PHYSICAL DEMAND for Task 4 in the
procedure, “After dilating the opening, inserting the Lt tube or cannula,” than HapMed is
accepted.
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Data and Analysis for Task 4 Temporal Demand After dilating the opening, inserting the Lt
tube or cannula

Table 134. TASK4 - TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim and HapMed
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Table 135. TASK4 - TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or
cannula using CricSim and HapMed Weighted Data
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Figure 248. Wilcoxon PSR Test TASK4 - TEMPORAL DEMAND after dilating the opening,
inserting the Lt tube or cannula using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement,
“TEMPORAL DEMAND after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed.” When the size of N is at least 20, the distribution of the Wilcoxon W
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statistic tends to form a normal distribution. In this situation, where the size of N is low, the
W-value to evaluate the hypothesis is recommended. Both Z and W were calculated. The
W value is 11. The critical value for W given N=10 at p ≤ .05 is 8 and the result is not
significant at that level. Using Table 86, critical value for W given N=10 at p<.01 is 3;
therefore these findings are not significant at .01. Beyond W, a Z value could be computed
for this comparison resulting in a p value of 0.09296 that is NOT significant as illustrated in
Figure 248. Thus, the response levels for “TEMPORAL DEMAND after dilating the opening,
inserting the Lt tube or cannula using CricSim and HapMed” are equivalent for the sample
population CAN NOT be rejected as a result of the Wilcoxon matched pairs signed rank test
Z and W values.
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 249. Descriptive Statistics for Task 4 CricSim and HapMed Temporal Demand
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php

Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following
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Figure 250. Task 4 CricSim and HapMed Temporal Demand Comparison G*Power 3.1.6

With observed power of only .77% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 26% chance of
being in error. Hence our analysis for this factor must be assumed inconclusive.

511

Data and Analysis for Task 4 Performance After dilating the opening, inserting the Lt tube
or cannula

Table 136. Self-Assessment of Successful PERFORMANCE after dilating the opening, and
inserting the Lt tube or cannula using CricSim and HapMed
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Table 137. TASK 4 – Self Assessment of Successful PERFORMANCE after dilating the opening,
and inserting the Lt tube or cannula using CricSim and HapMed Weighted Data
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Figure 251. Wilcoxon PSR Test TASK 4 – Self Assessment of Successful PERFORMANCE after
dilating the opening, and inserting the Lt tube or cannula using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the question, “How was
your PERFORMANCE after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed?” When the size of N is at least 20, the distribution of the Wilcoxon W
statistic tends to form a normal distribution. In this situation, where the size of N is low, the
514

W-value to evaluate the hypothesis is recommended. Both Z and W were calculated. The
critical value for W given N=14 at p ≤ .05 is 21 and the result is significant at that level. Using
Table 86, the critical value for W given N=14 at p<.01 is 13; therefore these findings are
significant at .01. Beyond W, a Z value could be computed for this comparison resulting in a
p value of 0.0257 illustrated in Figure 251. Thus, the response levels for “PERFORMANCE
after dilating the opening, inserting the Lt tube or cannula using CricSim and HapMed” are
equivalent for the sample population and CAN be rejected based on the Wilcoxon matched
pairs signed rank test Z and W values. The directional sign of the input data indicates that
the HapMed has a higher assessment of successful PERFORMANCE for Task 4, in the
procedure, “After dilating the opening, inserting the Lt tube or cannula.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 252. Descriptive Statistics for Task 4 CricSim and HapMed Performance Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 253. Task 4 CricSim and HapMed Performance Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that HapMed is higher in assessment of successful PERFORMANCE
for Task 4 than CricSim in the procedure, “After dilating the opening, inserting the Lt tube
or cannula,” is accepted.
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Data and Analysis for Task 4 Level of Effort After dilating the opening, inserting the Lt tube
or cannula

Table 138. TASK4 – LEVEL OF EFFORT after dilating the opening, and inserting the Lt tube or
cannula using CricSim and HapMed
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Table 139. TASK4 – LEVEL OF EFFORT after dilating the opening, and inserting the Lt tube or
cannula using CricSim and HapMed Weighted Data
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Figure 254. TASK4 – LEVEL OF EFFORT after dilating the opening, and inserting the Lt tube or
cannula using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF EFFORT after dilating the opening, inserting the Lt tube or cannula using CricSim and
HapMed.” When the size of N is at least 20, the distribution of the Wilcoxon W statistic
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tends to form a normal distribution. In this situation, where the size of N is low, the Wvalue to evaluate the hypothesis is recommended. Both Z and W were calculated. The W
value is 0. The critical value of W for N = 16 at p ≤ .05 is 29 and considered significant. The
critical value for W given N=16 at p ≤ .05 is 29 and the result is significant at that level. Using
Table 86, the critical value for W given N=16 at p<.01 is 20; therefore these findings are
significant at .01. Beyond W, a Z value could be computed for this comparison resulting in a
p value of 0.00044 illustrated in Figure 254. Thus, the response levels for “LEVEL OF
EFFORT after dilating the opening, inserting the Lt tube or cannula using CricSim and
HapMed” are equivalent for the sample population and CAN be rejected as a result of
Wilcoxon matched pairs signed rank test Z and W values. The directional sign of the input
data indicates that the CricSim requires a higher LEVEL OF EFFORT for Task 4 in the
procedure, “After dilating the opening, inserting the Lt tube or cannula.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.
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Figure 255. Descriptive Statistics for Task 4 CricSim and HapMed Level of Effort Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.
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Figure 256. Task 4 CricSim and HapMed Level of Effort Comparison G*Power 3.1.6

With observed power of only 76% the experimental design assumptions were not
met and hence accepting the null hypothesis as true has an approximate 24% chance of
being in error. Hence, our analysis for this factor must be assumed inconclusive.

522

Data and Analysis for Task 4 Level of Frustration After dilating the opening, inserting the Lt
tube or cannula

Table 140. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using CricSim and HapMed
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Table 141. TASK 4 – LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube
or cannula using CricSim and HapMed Weighted Data
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Figure 257. Wilcoxon PSR Test TASK 4 – LEVEL OF FRUSTRATION after dilating the opening,
inserting the Lt tube or cannula using CricSim and HapMed
Source: http://www.socscistatistics.com/tests/signedranks/Default2.aspx

This research assumes that an observed probability of a sample distribution where p
≤ .05 is a basis for rejection of the null hypothesis of equivalence of the statement, “LEVEL
OF FRUSTRATION after dilating the opening, inserting the Lt tube or cannula using CricSim
and HapMed.” When the size of N is at least 20, the distribution of the Wilcoxon W statistic
tends to form a normal distribution. In this situation, where the size of N is low, the W525

value to evaluate the hypothesis is recommended. Both Z and W were calculated. The W
value is 0. The critical value for W given N=14 at p ≤ .05 is 21 and the result is significant at
that level. Using Table 86, critical value for W given N=14 at p<.01 is 13; therefore these
findings are significant at .01. Beyond W, a Z value could be computed for this comparison
resulting in a p value of 0.00096 illustrated in Figure 257. Thus, the response levels for
“LEVEL OF FRUSTRATION after dilating the opening, inserting the Lt tube or cannula using
CricSim and HapMed” are equivalent for the sample population CAN be rejected as a result
of the Wilcoxon matched pairs signed rank test Z and W values. The directional sign of the
input data indicates that the CricSim has a higher LEVEL OF FRUSTRATION than HapMed for
Task 4 in the procedure, “After dilating the opening, inserting the Lt tube or cannula.”
Further analysis of beta error is provided based on the following data, mean, and
standard deviation.

Figure 258. Descriptive Statistics Task 4 CricSim and HapMed Level of Frustration
Comparison
Source: http://easycalculation.com/statistics/standard-deviation.php
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Analysis using G*Power 3.1.6 with the above mean, standard deviation and a
Laplace distribution given flat tails yields the following.

Figure 259. Task 4 CricSim and HapMed Level of Frustration Comparison G*Power 3.1.6

Since the actual experimental results provides power greater than that of the
experimental design given an alpha of .05, the rejection of the hypothesis is confirmed and
alternative hypothesis that CricSim has a higher level of FRUSTRATION than HapMed for
Task 4 in the procedure, “After dilating the opening, inserting the Lt tube or cannula.”
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Participant Responses to Open Ended Survey Questions
What other systems, methods or technologies used to Train on performing Cric
procedure? Students reported the use of the following:





Training simulators, Simman, Cric Neck Trainers, Laerdal, METI, UVetime ,
Mannequins, Goats, Dummies with cric necks
Live Tissue labs and Simman simulator
Mannequins and live tissue.
Various training aids, poorly written computer programs

Do you prefer other system, method, or technology for training on performing the
cricothyroidotomy procedure?
The majority of the students reported “No”. Over 50% of the students noted other
systems were not accurate and praised the use of CricSim and HapMed. 75% of the trainees
noted that live tissue labs are always better. Four students commented that the HapMed
simulator is pretty close to live tissue. However, the majority of the students stated that live
tissue was best for them and no technology can replace training effect.
What were some of the advantages of the system method or technology that you
used for learning the cricothyroidotomy procedure?
Advantages noted were availability, volume of cheaper products to train large
volumes of people at once. Manual or ease of use and reset, scenic base training, more
lifelike and better skin with feedback were attributes mentioned. Others include less
software problems and issues. The realistic feeling of puncturing the cric membrane and
the simulator bleeding as the neck is cut and the feel of the neck tissue are all advantages.
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What were some of the disadvantages of other system, method, or technology that
you used for learning the cricothyroidotomy procedure?
The majority of the students reported that other systems and technology lack real
feedback. Twelve trainees reported that several of the systems did not provide the
feedback to trainees to inform them whether the procedure was performed accurately and
effectively.
50% of the trainees indicated that trainers lack realism and the feel of live tissue
stating that many trainers were not realistic enough and did not contain breathing sounds,
no obvious facial trauma, and no blood incisions. Some went on to say that previous
trainers were not as realistic as the CricSim. One trainee indicated many systems lack
realism and make the procedures very easy to use without applying skillsets. They are so
simplified; it was hard to get any grasps of reality.
Ten of the trainees reported that some applications lack the blood, and the rights
feel of the skin making it difficult to determine when the intervention actually worked. Five
trainees reported that trainers previously used were less lively. The remanding comments
below are single comments provided by the trainees are located in the Appendix K.
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Figure 260. Combat Medics Training Cric Procedure
Source: http://ftig.ng.mil/tenants/pages/default.aspx
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CHAPTER SIX: CONCLUSIONS

This chapter provides a summary of the results, generalized conclusions, limitations
of the study, lessons learned and recommendations for future research.

Summary of Research and Outcomes
This research explores questions identified below through a case study of two different
modeling and simulation techniques – virtual reality and mannequins - in the support of combat
emergency medical education and training. To reduce the scope to a manageable dissertation, the
research focuses on CricSim as representative form of virtual reality simulation and HapMed as a
form of mannequin simulation both with haptic-enabled capabilities. To further narrow the scope,
the research focuses on training of a medical technique common to both simulation systems, which
for this research was the cricothyroidotomy airway management technique. Finally, the U.S. Army
expressed interest in training of combat medics in the cricothyroidotomy airway management
technique and offered to support experimentation with both facilities and trained combat medics as
the sample population.
CricSim and HapMed simulators provide capabilities to train combat medics to perform the
cricothyroidotomy surgical procedure. The CricSim was developed by the National Capital Area
Medical Simulation Center, Uniformed Services University and the HapMed was developed by the
Army Research Development and Engineering Command in effort to assist the combat medics in
preparation of performing an advanced airway management procedure one of the top three major
causes of death if not performed timely and properly.
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The experiment supporting this research took place on August 30, 2011 at Fort
Indiantown Gap (FIG), a National Guard Training Center located in Annville, Lebanon
County, Pennsylvania and is the home of the Medical Battalion Training Site (MBTS). MBTS
provided facilities and support in conducting the experiment as well as 32 combat medics as
participants in the experiment. The experiment involved training of the medics on the
CricSim and HapMed by system experts provided by each respective developer. Engineers
were present to configure the equipment and provide training and troubleshoot any
technical problems.
Besides system training, the research protocol consisted of five primary components
– survey design, pre-test training, a cricothyroidotomy surgical performance evaluation, a
subsequent survey of participants, and analysis of results.
The survey design consisted of research questions that were both closed and open
form. The closed form consisted of three sections – demographic information, technology
acceptance using the framework of the Davis Technology Acceptance Model, and task
workload questions using the NASA Task Load framework. Closed form questions collected
multiple choice and seven level Likert scale responses. A pilot test and an expert review of
the survey instruments were conducted prior to administering the survey within the
National Capital Area Medical Simulation Center and onsite at RDECOM, resulting in major
adjustments to the survey and experiment after identifying some limitations in the
prototype virtual simulations, the organization of the survey for efficiency, and question
and response wording and presentation so that responses would be suitable for analysis.
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The pre-test training of thirty two combat medics consisted of orientation on two
surgical simulators conducted by the developers of the product and an opportunity to
practice on each system. The cricothyroidotomy class taught by each of the system
instructors at MBTS was considered advanced not introductory and was augmented with
the inclusion of the virtual simulators after scheduled classroom training independent of the
evaluation of the virtual trainers. All participants were eager to learn to use the simulators.
The experiment was incorporated in the medic’s continuation training for their
career field. The cricothyroidotomy performance evaluation design was based on the
cricothyroidotomy surgical procedure taught by experts from the Medical Battalion. These
experts conducted the cricothyroidotomy surgical procedure performance evaluation on
the combat medics during this experiment. Each medic subject performed the
cricothyroidotomy using each of the simulators in a randomized order resulting in matched
pairs balanced through order randomization. Results of the performance evaluation of the
medic subjects conducted by the instructors were all positive. As the instructors reviewed
the combat medics using the trainers all were given a satisfactory rating (pass or fail).
The author of this dissertation conducted the survey of participants after the
experiment. Twenty six of thirty two participants responded to the survey. The survey
responses from the participants using CricSim and HapMed were evaluated. The data
collected was evaluated with the assistance of a number of online statistical tools such as
G*Power 3.1.6 and calculators for chi square analysis and Wilcoxon Paired Signed Rank
Test. A priori sample size supported statistical analysis at alpha = .05 and beta =.2. Post hoc
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analysis examined actual data to confirm the data supported both alpha and beta
assumptions.

Integrated Research Questions, Data and Summarized Outcomes

The research questions, data and outcomes are summarized below:
Demographic information of the sample population was analyzed for acceptance of
the null hypothesis of equivalence with the target population (all combat medics in the
Army) as shown in Table 140 is revealed. Of the attributes of equivalence, the sample
population was statistically different at the fore mention a priori statistical standard for
education, rank, and prior Cricothyroidotomy training. A careful look at the raw data
indicates the rejection of equivalence between the sample and the target data is based on
the higher level of education of the sample population with respect to the target
population. The majority military ranking of the participant was Enlisted (E6). A careful
look at the raw data indicates the rejection of equivalence between the sample and the
target data is based on disproportionate number of participants at the E1-E3 and the higher
level of ranks E6 and E7 of the sample population with respect to the target population.
Sample participants experienced some level of training on cricothyroidotomy with 42.3%
reporting three to nine hours of prior training while 30.8% reporting greater than twenty
four of prior training. The sample population is NOT representative of the target population
for the amount of TRAINING HOURS but rather the sample population has more training
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hours in terms of proportion of the population having more than eight hours as well as
greater mean, mode, and median of hours than the target population. The participants
were NOT novices to familiarity of the cric procedure. Only two participants performed
lived cricothyroidotomy procedures. We accept the sample population as being
representative of the target population in terms of never having PERFORMED ON LIVE
PATIENTS despite the fact two of the twenty six individuals has previously performed on live
patients.
Table 142. Analysis of Participant Demographic Information

In summary, the sample population is better educated and trained on the procedure
than the target population, with additional inconsistency in rank structure as the greater
target population is disproportionately represented at the higher and lower level of rank.
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None the less, these vary characteristics may enhance the quality of the subject feedback.
Specifically, in an applied setting, future fielded simulators may be seen used in initial and
refresher training. Such training is largely populated with lower ranking soldiers who are
novices at the technique. Secondly, the experiment was conducted in the context of
advanced training and a disproportionate number of the medics involved in the experiment.
They knew the Cricothyroidotomy procedure from prior training and hence lack of
knowledge of the procedure did not confound the reported simulator usability results.

Research Question 1
What is the level of usability in terms of visual, tactile and force feedback of the
CricSim and HAPMED? Baseline – Acceptable usability
Baseline usability is based on the acceptable level of use as determined by the
trainees.
H1Cο = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure are ambivalent about the usability of CricSim to conduct the Cricothyroidotomy
procedure for experiential learning.
H1Ca = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure are not ambivalent about usability of CricSim to conduct the Cricothyroidotomy
procedure for experiential learning.
Acceptable Usability – Hypothesis 1
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H1Hο = Medical trainees who use the HapMed to perform a Cricothyroidotomy
procedure are ambivalent about the usability of the HapMed to conduct the
Cricothyroidotomy procedure for experiential learning
H1Ha = Medical trainees who use the HapMed to perform a Cricothyroidotomy
procedure are not ambivalent about the usability of HapMed to conduct the
Cricothyroidotomy procedure for experiential learning.
These hypotheses were addressed through the use of the Technology Acceptance
survey questions for each system.

CricSim
The above hypothesis of usability of the CricSim for cricothyroidotomy procedure
training was addressed through the use of the Technology Acceptance survey questions.
Subjects were asked to characterize statements the “Learning to Operate CricSim
would be easy for me,” “My Visual Interaction within CricSim is clear and
understandable,” My tactile (sense of touch) interactions within CricSim were clear and
understandable;” My sense of force feedback within CricSim is realistic and recognizable,”
using the seven level Likert scale. In summary, subjects were NOT ambivalent about the
CricSim. The majority of the subjects reported favorable rating (quite to extremely likely)
with a median of quite likely. Only a small percentage report unfavorable ratings. The
possibility of ambivalence was rejected for all statements considered.
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Table 143. CricSim Table Summary – TAM – Test for Ambivalence

HapMed
Subjects were asked to characterize statements the “Learning to Operate HapMed
would be easy for me,” “My Visual Interaction within HapMed is clear and
understandable,” My tactile (sense of touch) interactions within HapMed were clear and
understandable,” and “My sense of force feedback within HapMed is realistic and
recognizable.” In summary, the subjects were NOT ambivalent about HapMed. The
majority of the subjects reported favorable rating (quite to extremely likely). Only a small
percentage report unfavorable ratings. The possibility of ambivalence was statistically
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rejected and all medians, modes and averages differed from ambivalence on all hypotheses
considered. A summary of the results are outlined in Table 144 below.
TAM
Table 144. HapMed Summary – TAM – Test for Ambivalence

CricSim vs. HapMed Training
When asked if CricSim was recommended, twenty three out of twenty six 26
responded positively, whereas three responded negatively. That is an 88.46%
recommendation rate. Given the binary choice, the vast majority of the participants
indicated that they would recommend CricSim. However, when considering the 95%
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recommendation level, the likelihood to randomly observing 3 or more failures out of 26
draws in a population with an overall 95% recommendation is 13.86% Beta error for
CricSim. The 13.86% post hoc error of actual experimental data was within the 20% a priori
experimental design beta error acceptance region and thereby confirmed the rejection
result.
The students were asked if they recommend HapMed. Twenty four out of twenty
six answered positively, while two provided a negative response. Based on the null
hypothesis of 95% confidence in the statement, “Do you recommend HapMed “for the
sample population must be rejected since only 92.3% of the sample population provided a
“HapMed recommendation.” From the perspective of a binominal response, statistically
there is a 37.59% chance of a Beta error that based on random selection alone 2 or more
individuals would NOT recommend the HapMed even if it actually had an underlying 95%
recommendation rate. Thus, while we must reject the notion that the population
recommends HapMed at a 95% rate, there exists a large possibility that our rejection is
incorrect. The 37.59% post hoc error of actual experimental data was outside the 20% a
priori experimental design beta error acceptance region and thereby undermines the
rejection result.
As opposed to the 37.59% to randomly observe 2 or more failures out of 26 draws
for HapMed, the likelihood of randomly seeing 3 or more NOT RECOMMENDING CricSim is
below our 20% likelihood of committing a Beta error and therefore indicates a greater
likelihood that the rejection rate is not due to randomness alone. Similar to HapMed, a
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more careful examination of the demographics of the individuals not recommending the
CricSim is appropriate. Since only 88.5% of the sample population could provide a “CricSim
recommendation” we must reject CricSim at the 95% acceptance level. Further, from the
perspective of a binominal response, statistically there is a 13.86% that based on random
selection alone 3 or more individuals would NOT recommend the CricSim even if it actually
had an underlying 95% recommendation rate. This is less than our 20% likelihood of a Beta
error. Thus we must reject the notion that the population recommends CricSim at a 95%
rate.
When considering the rejections, research by Good (2003) mentions that in some
cases simulation may be intimidating to some healthcare providers and trainees. Even
though intimidation was not noticeable, this may explain some of the responses from
trainees that fully rejected the virtual mannequin simulator and the desktop simulator.
Good (2003) also noted that several studies have demonstrated overwhelmingly acceptance
for simulation as a learning strategy and this may explain the positive responses.
Additionally, research is consistent with D. Rodgers’ (2007) previous findings indicating that
learners have a high degree of acceptance and satisfaction of simulation
Further, student responses discussed below indicate a familiarity with mannequins
in training. This is confirmed through various research in psychology. For example,
Freeman and Parker (2011), in a study asked subjects to categorize stimuli, half of which
had been pre-exposed, as familiar or novel, and to rate them on a three-point scale of
affective preference. The findings reveal that subjects preferred the familiar stimuli
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significantly more than the novel on trials on which these were correctly identified
(Freeman and Parker 2011). According to B. Broder and E. Bushnell (2000), preference with
the familiar starts early in life. B. Broder and E. Bushnell conducted a study involving 4½
months infants. Infants are shown a series of brief choice trials between a stimulus that
was consistent with each trail and another one that was different on each trail. All results
were examined and revealed that infants who saw objects or faces as stimuli both exhibited
selective attention to the familiar stimulus prior to preferring novel stimuli, although infants
who experienced infants shown kaleidoscope patterns did not. According to B. Broder and
E. Bushnell (2000), these results document a preference for familiarity early in processing
with a procedure that is not subject to ambiguities due to individual differences in
processing speed or to collapsing data across infants.
R.M. Kanter (2012) of the Harvard Business Review states that we are creatures of
habit and a major contributing factor to the resistance of change. Overtime, routines do
become automatic, but change can force us into consciousness, sometimes in
uncomfortable ways and possibly keep things familiar.

Research Question 2
What is the acceptable level of procedure fidelity in terms of visual, tactile and force
feedback workload assessment of the CricSim and HAPMED? (Acceptable workload
assessment)

542

This question addresses the acceptable level of procedure fidelity required in
terms of visual, tactile and force feedback of the CricSim and HapMed trainers. In the fields
of scientific modeling and simulation, fidelity refers to the degree to which a model or
simulation reproduces the state and behavior of a real world object, feature or condition.
Fidelity is therefore a measure of the realism of a model or simulation. This question
addresses how similar or realistic this trainer is to the real experience of performing the
procedure.
Procedural Fidelity – Hypothesis 2
H2Cο = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure are ambivalent about the procedural fidelity in terms of workload assessments of
the HapMed to conduct the Cricothyroidotomy procedure for experiential learning
H2Ca = Medical trainees who use the CricSim to perform a Cricothyroidotomy
procedure are not ambivalent about the procedural fidelity in terms of workload
assessments of the HapMed to conduct the Cricothyroidotomy procedure for experiential
learning
H2Hο = Medical trainees who use the HapMed to perform a Cricothyroidotomy
procedure are ambivalent about the procedural fidelity in terms of workload assessments of
the HapMed to conduct the Cricothyroidotomy procedure for experiential learning
H2Ha = Medical trainees who use the HapMed to perform a Cricothyroidotomy
procedure are not ambivalent about the procedural fidelity in terms of workload
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assessments of the HapMed to conduct the Cricothyroidotomy procedure for experiential
learning.
This question was answered for the two systems by reviewing four primary tasks for
this procedure and exploring the five NASA Task Load survey sections of User assessment of
Mental Demand, Physical Demand, Temporal Demand, Performance, Level of Effort and
Frustration for the task. Physical Demand addresses the movements required to use the
system, not the physical lifting of the either system. The resulting 2x4x6 matrix creates
forty-eight response cells which were analyzed. The following tables identify the results
from the test of ambivalence.
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NASA TASK LOAD Index Summaries
Test of Ambivalence
CricSim
Table 145. NASA TLX Summary CricSim Task 1 - Correctly locating the cricothyroid
membrane
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Table 146. NASA TLX Summary CricSim Task 2 - Palpating the membrane and making a
vertical incision
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Table 147. NASA TLX Summary CricSim Task 3 - Use scalpel and cut through membrane
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Table 148. NASA TLX Summary CricSim Task 4 - After dilating the opening, insert Lt tube or
cannula

This research reveals that subjects using the CricSim to perform Tasks 1, 2, and 3 of
the Cricothyroidotomy procedure rejected ambivalence for Mental Demand, Physical
Demand Temporal Demand, and Frustration but rather tended toward “low” in terms of the
NASA Task Load Index when performing all of these tasks. At the same time, subjects
rejected ambivalence about performance of Tasks 1, 2, and 3 using CricSim and rather
tended to report High performance on the tasks. Given low frustration, the fidelity of the
CrisSim for tasks 1, 2, and 3 does NOT appear to be negatively affected by the simulator
itself.
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Results for “Effort” on all tasks and Task 4 on the CricSim were mixed. In terms of
“Effort”, subjects clearly rejected ambivalence for Task 1,-locating the cricothyroidotomy
membrane and reported a “low” effort for this task. But while subjects statistically rejected
ambivalence about “Effort” for Tasks 2 and 3, post hoc analysis shed doubt on the results.
Further, the median response levels for “Effort” for these two tasks were “Medium”. Effort
analysis does not separate whether the raised “Effort” level was due to the difficulty of the
task or whether it was due to an artificial induced effort level resulting from the nature of
the simulation. However at least for tasks 1, 2, and 3, “Frustration” was low, thereby
inferring these three tasks and not the simulator was the source of the raised “effort”. On
the other hand, the raised level of “frustration” for many on task four may be induced by
artificialities of the VR-Haptic simulator combination for the task.
In Task 4, “After dilating the opening, insert Lt tube or cannula,” had mixed results.
Only ambivalence about Physical and Temporal Demand could be rejected and the
tendency toward low accepted. The assumption of a medium level of Mental Demand,
Effort, and Frustration levels could NOT be statistically rejected for Task 4. For Mental
Demand and Effort, post hoc analysis indicates that the statistics may be inconclusive but
the median response level was Medium. For Frustration the null of medium was accepted.
Actual data for frustration indicates a split decision with some subjects finding the task level
low while others found the task level high. At the defense of this dissertation, committee
member Dr. Alan Liu, a key contributor to the development of CricSim, stated that the likely
source of the median frustration overall and high frustration for many for task 4 was
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inconsistency between simulator and simulated task. Specifically, the haptic task being
trained required 6 degrees of freedom but the haptic simulator used in the experiment only
provided 3 degrees of freedom. Thus Dr. Liu put forth that the use of a three degree of
freedom haptic device instead of a six degree freedom haptic device for the six degree of
freedom task may be the issue for this Medium level response. Dr. Liu went on to state that
the use of the three degree of freedom haptic hand device was an affordability tradeoff
issue discussed further below.
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HapMed
Table 149. NASA TLX Summary HapMed Task 1 - Correctly locating the cricothyroid
membrane
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Table 150. NASA TLX Summary HapMed Task 2 - Palpating the membrane and making a
vertical incision
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Table 151. NASA TLX Summary HapMed Task 3 - Use scalpel and cut through membrane
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Table 152. NASA TLX Summary HapMed Task 4 - After dilating the opening, insert Lt tube or
cannula

This research reveals that subjects using the HapMed to perform Tasks 1, 2, 3 and 4
of the Cricothyroidotomy procedure rejected ambivalence for Mental Demand, Physical
Demand Temporal Demand, and Frustration but rather tended toward “low” in terms of the
NASA Task Load Index when performing all of the tasks. At the same time, subjects rejected
ambivalence about performance of Tasks 1, 2, 3 and 4 using HapMed and rather tended to
report High performance on the tasks.
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Results for “Effort” on all tasks were mixed with the exception of Task 2. In terms
of “Effort”, subjects clearly rejected ambivalence for Task 2,-palpating the membrane and
making a vertical incision reported a “low” effort for this task. But while subjects
statistically rejected ambivalence about “Effort” for Tasks 1, 3 and 4, post hoc analysis shed
doubt on the results. Further, the median response levels for “Effort” for these three tasks
were “Medium”. In light of the fact that “frustration” levels were NOT elevated for any of
the tasks, the inference is that the raise level of “effort” was due to the task itself rather
than an artificial “effort” induced by the mannequin simulator.

Research Question 3
Is the training protocol for the CricSim and HAPMED appropriate for the targeted
skill level of the Cricothyroidotomy procedure?
This question addresses whether CricSim and HAPMED are appropriate for periodic
sustainment training required for the combat medic.
Training Protocol - Hypothesis 3
H3Cο = The training protocol for the CricSim is appropriate for the
Cricothyroidotomy procedure.
H3Ca= The training protocol for the CricSim is not appropriate for the
Cricothyroidotomy procedure.
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H3Hο = The training protocol for the HAPMED is appropriate for the
Cricothyroidotomy procedure.
H3Ha= The training protocol for the HAPMED is not appropriate for the
Cricothyroidotomy procedure.
The question is addressed by experienced medical practitioners evaluate the
performance of systems and the trainees based on published standards and guidelines for
procedure.
Instructor’s Feedback on Trainers:
Experienced medical practitioners evaluate the performance of systems and the
trainees based on published standards and guidelines for procedure. Two instructors
reviewed the trainers and the GO/NO assessment in Appendix D utilized to evaluate the
combat medics on the cricothyroidotomy procedure. Based on the steps outlined in the
evaluation procedure, it was determined that not all of the steps could be followed using
both virtual trainers, but both trainers would allow the instructor to evaluate the medics
ability to locate the cricothyroid membrane, make the incision and insert the trachea. The
criteria for evaluation was modified due to inability of the trainers to perform all tasks as
expected. The table below represents the instructor’s evaluation of the trainers’ ability to
perform functions based on the evaluation procedures.

556

Table 153. Instructor’s Assessment - Virtual Task Comparisons
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Based on the instructor’s review, both trainers satisfied the tasks partially, with
HapMed satisfying the majority of the tasks based on combat medic standard instructions.
In the open ended questions, the students made comments that indicate neither
HapMed nor CricSim met all of the standards for their required training, but were some of
the best products best seen so far.
Based on the open-ended discussions occurring post-experiment, all of the students
appeared to be motivated regarding the insertion of new technology in the classroom. The
majority of the students expressed positive comments regarding the features about both
trainers. The majority of the students were impressed with the technology of the CricSim
trainer, but two individuals expressed that the haptic enabled device was awkward with
hands. Some respondents recommended that instead of the haptic device, hands touch
directly on the screen to perform the procedure. Three believed that the CricSim was a
neat technology with the three dimensional view, but did not exercise all of the steps when
performing the procedure. Five believed that the HapMed provided the majority of the
steps and were more comfortable with this trainer since it was mannequin based. There
were some issues with the HapMed which required instructor intervention. There were
limitations on the number of skin overlays with blood that were available to the students.
The recording of the student’s performance or status was not working at the beginning on
both trainers. Despite these issues, with technical instructor support, the students still
responded overall positively. One student asked if they could receive a combination of
features from both trainers into one.
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Research Question 4
How effective is the CricSim in achieving the targeted skill level visa-via other trainee
alternatives (HAPMED)?
This question addresses the comparison of CricSim and HapMed in achieving the
targeted skill level. The question is addressed by analyzing the results of the student’s
performance using both trainers. This analysis involves the instructor’s evaluation of the
student’s performance as referenced in Appendix D and student’s comments on the use of
the trainers in Appendix K.
Effectiveness – Hypothesis 4
H4Cο = The CricSim training is equivalent to HapMed training in terms of
performance outcome of the trainees.
H4Ca = The CricSim training is not equivalent to HapMed in terms of performance
outcome by the trainees.
H4CvsHο = The CricSim training is equivalent to HapMed training in terms of
technology acceptability of visual, tactile and force feedback necessary to conduct the a
Cricothyroidotomy procedure .
H4CvsHa = The CricSim is not equivalent to HapMed training in terms of technology
acceptability of visual, tactile and force feedback necessary to conduct the a
Cricothyroidotomy procedure.
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H4CvsHο = The CricSim training is equivalent to HapMed training in terms of task
load of visual, tactile and force feedback necessary to conduct the a Cricothyroidotomy
procedure.
H4CvsHa = The CricSim visa-via trainee (HapMed) is not equivalent to HapMed
training in terms of task load of visual, tactile and force feedback necessary to conduct the a
Cricothyroidotomy procedure.

HapMed and CricSim Comparison – Procedure Performance
Test of Equivalence:
First, a test of equivalence of the CricSim and HapMed was conducted in terms of
procedure successful performance. As the subjects proceeded with their training using the
virtual trainers, two instructors evaluated the subject’s performance when using both
trainers. If a subject experienced difficulty, he or she was allowed to continue until they
succeeded. The instructors evaluated every subject each time with either a GO/NO GO
assessment. All subjects passed with a GO on both the CricSim and the HapMed indicating
no difference between the simulators in terms of procedure successful performance.

HapMed and CricSim Comparison Matrix – TAM
Test of Equivalence:
Secondly, a test of equivalence for the CricSim and HapMed was conducted in terms
of technology acceptability (TAM). The results are identified below in Table 154.
560

Table 154. CricSim and HapMed Table Summary – TAM

A priori experimental design provided a sample size that allowed for acceptance or
rejection of the null hypothesis of equivalence at an alpha of .05 and a beta of .2. The “Yes”
or “No” in the above table indicates that result. Given the non-parametric nature of the
data, numerous ties surfaced, reducing the data available for post hoc analysis. Within the
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comparison survey of TAM results between HapMed and CricSim, many of the post hoc
analysis results were inconclusive due to too small observed power of less than 80% and the
experimental design assumptions of beta error more than 20% were not met. TAM
Comparisons between the two systems using a priori and post hoc statistical analysis,
however, did reveal the following results.
CricSim would be easier to learn to operate than the HapMed.
CricSim provides a more clear and understandable VISUAL INTERACTION than the
HapMed.

CricSim and HapMed Comparison Matrix – NASA TLX
Test of Equivalence:
Thirdly, a test of equivalence for the CricSim and HapMed was conducted in terms of
the NASA Task Load Index (NASA TLX). The results are identified below in Tables 155-158.
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Table 155. NASA TLX Summary CricSim and HapMed Task 1 “To correctly locate cricothyroid
membrane”
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Table 156. NASA TLX Summary CricSim and HapMed Task 2 “To palpate the membrane and
make vertical incision”
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Table 157. NASA TLX Summary CricSim and HapMed Task 3 Use scalpel and cut through
membrane
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Table 158. NASA TLX Summary CricSim and HapMed Task 4, “After dilating the opening,
inserting the Lt tube or cannula”

As indicated above, all a priori analysis met the .05 alpha and .2 beta assumptions.
When conducting the “post hoc” comparison of NASA TLX survey data between HapMed
and CricSim, due statistical test procedures of discarding ties, many of the results were
inconclusive due to small observed power of less than 80% and the experimental design
assumptions were not met because beta error was more than 20%.
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The comparisons, however, did reveal the following results based on user
assessments.
For Task 1: “To correctly locate cricothyroid membrane”.
The TEMPORAL DEMAND is higher with HapMed than with CricSim
The LEVEL OF EFFORT is higher with HapMed than CricSim.
One subject provided a comment stating that CricSim would be better for the
beginner medics inferring it was easier for the experienced medics. Four subjects provided
comments stating that the CricSim did not perform all of the necessary steps inferring that
it was easier in the simulation environment than the procedure would be in real life
because of this limitation.
For Task 2, “To palpate the membrane and make vertical incision”
The assessment of successful PERFORMANCE is higher with HapMed
For Task 3, “Use scalpel and cut through membrane” neither CricSim nor HapMed
differed in terms of task load dimensions.
For Task 4, “After dilating the opening, inserting the Lt tube or cannula”
CricSim has higher MENTAL DEMAND, Physical Demand, and FRUSTRATION than
HapMed.
Further, HapMed is higher in assessment of successful PERFORMANCE than CricSim.
Subject comments are located in Appendix K. Based on the subject responses from
the open ended questions on the TAM survey and the discussions with the participants
after the experiment, several subject believed that the both the CricSim and HapMed were
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more effective than previous used trainers and traditional methods. Discussions occurring
with the participants after the use the simulators and responses to the open ended
questions reveal valuable insight of the data analysis and much is learned from this
research. Trainees quickly point out that nothing can substitute live training, but they are
excited about the opportunity to train on new products when they cannot practice on live
tissue. Trainees demand products that provide realistic training and feedback on their
performance. Both products are praised, but limitations are highlighted in the alignment of
simulated processes with actual processes, anatomical correctness, use of proper tools and
equipment, realistic feel of neck tissue, and awkwardness in the use of haptic enabled
hands.

A summary of responses to specific questions follows:
What other systems, methods or technologies used to Train on performing Cric

procedure?
Participants identified several training simulators such as Simman simulator trainers,
Dummies with Cric Neck trainers, Laerdal , METI, UVETime products, Mannequins, Goats,
Live Tissue labs and live tissue. Various training aids, poorly written computer were also
programs. Participants expressed that live tissue was always the best approach, but
realized limited.
Do you prefer other system, method, or technology for training on performing the
cricothyroidotomy procedure?
The majority of the students reported “No”. The students noted that some of the
other systems were not accurate and praised the use of CricSim and HapMed. Some
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consistent comments noted were that live tissue labs are always better. HapMed simulator
is pretty close to live tissue.
Live tissue was best for them and no technology can replace training effect.
What were some of the advantages of the system method or technology that you
used for learning the cricothyroidotomy procedure?
Advantages noted addressed availability, volume of cheaper products to train large
volumes of people at once. Manual or ease of use and reset, scenic base training, more
lifelike and better skin with feedback were attributes mentioned. Others include less
software problems and issues. The realistic feeling of puncturing the cricothyroidotomy
membrane and the simulator bleeding as the neck is cut and the feel of the neck tissue are
all advantages.
What were some of the disadvantages of other system, method, or technology that
you used for learning the cricothyroidotomy procedure?
Students reported that other systems and technology did not provide real feedback.
Many believe that several of the systems did not provide the feedback to trainees to inform
them whether the procedure was performed accurately and effectively.
Students reported most trainers did lack realism and the feel of live tissue stating
that many trainers were not realistic enough and did not contain breathing sounds, no
obvious facial trauma, and no blood incisions. Some went on to say that previous trainers
were not as realistic as the CricSim.

569

Sim/METI is a popular trainer used for the cricothyroidotomy procedure, but does
not have realistic anatomy below skin.
Many systems lack realism and make the procedures very easy to use without
applying skillsets. They are so simplified; it was hard to get any grasps of reality.
Some applications lack the blood, and the rights feel of the skin making it difficult to
determine when the intervention actually worked.
Previous trainers were less lively.
Not knowing the exact position of the crick membrane was an issue.
It did not bleed or breathe. It did not let me know that I was in the airway correctly.
No breathing sounds and skin system was interchangeable but the material used
was too thick to be realistic.
Small does not measure depth and does not have sound and recordable data
Other systems (simulators) that I have used did not give you the simulated feeling or
punctured of the crick membrane.
Participants responded to the opened question at the end of the TAM survey as well
as informal interviews to provide feedback on both CricSim and HapMed identifying areas
of improvement and on their experience. Comments are provided in Appendix K.

Generalized Conclusions
There are still many questions that to be answered about the use of mannequins
and haptic supplemented virtual reality (VR). How can feedback be improved in mannequin
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systems? With embedded feedback capable of being implemented in VR, when will 6 dof
haptic enabled sensations be affordable for incorporation in VR training? In the many time,
are there 6 dof haptic surgical procedures where 3 dof haptic simulation is sufficient? In the
field of medical simulation, precise anatomical and physiological modeling is traditionally
assumed.
The assumption in the medical field that M&S of human physiology and processes is
of sufficient fidelity to avoid negative training is not confirmed for these systems at the
committee specified 95% acceptance level using an accept or reject scale. But in a world of
technology, does any technological system achieve a 95% acceptance level? David Meister,
a leading researcher in human factors in 2008 contributes to the work of a human factor
testing and evaluation hand book by S. Charlton, Obrien T.G. (2008) whereby, it is stated
that a well-defined threshold of acceptance must be identified in advance. The criteria for a
positive evaluation are described in terms of the minimally acceptable distribution of
questionnaire responses. S. Charlton and Obrien T.G. (2008) report that when we observe
80% of the subjects rating a system characteristics as effective or better one can estimate
that between 70 to 90% of the sample population would rate the system effective or better
based on a sampling error +/- 10%. A lower acceptance level at 85% may be considered for
this research. This assumption of suitability is correct for the two systems that were
evaluated in this case study for the tasks and ancillary equipment limitations specified in the
experiment. Other leading human factor researchers such as Dave Meister (D. Meister
1985) and Y. Rogers (Rogers et al, 2011) have recommended the 85% acceptance level.
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At this lower acceptance level of 85% and given the limited scope of tasks performed
and ancillary equipment considered, this study finds that in the case of CricSim and
HapMed, virtual reality trainers may complement, reduce, or replace the use of some
alternative training methods such as animals or cadavers.
Overall acceptability is caveated by task limitations. When considering CricSim and
HapMed in light of Haptic supplemented VR versus mannequin general comparison,
subjects using CricSim are dependent on haptic enabled technology to perform the
procedures. Some subjects experienced awkwardness adjusting to the use of the 3 dof
haptic device for a 6 dof task as found in task four of the procedure. This inconsistency of
device to task may address the question, why did the CricSim Level of Effort for Task 4
reported a medium rating by the NASA TLX? When performing Task 4, the participants
were dependent on the haptic enabled hands to dilate the opening and insert the Lt tube or
cannula. The particular phenomenon of artificial kinesthetic for virtual reality may be more
awkward and hence more artificial in CricSim, than in HapMed. Haptic technology
supplementing VR does not appear to have bridged this gap yet that is affordable for
classroom training.
According to Matthew Sama (Sama 2011), at the beginning of the 21st century,
interactive technologies are both advancing in their capabilities and becoming more
accessible for larger scale projects. The evolution of these technologies has expanded user
expectations to the use interactive technologies for body movement as a mechanism for
computer communication. Systems such as artificial reality, motion capture, data gloves and
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other wearable devices have all contributed to this characterization. The haptic enabled
hands for the CricSim can be considered one of these devices. As these technologies
employ kinetically actuated human-computer communications, their introduction to the
physical environment will begin to challenge our kinesthetic understanding of space (Sama,
2011). Sama explains that it is the role of the architect to incorporate these technologies
into the design of the architectural interface situated between the physical and digital
environment. According to Sama incorporating future advancements in kinetically actuated
technologies for bodily interfacing and articulating the choreographic movements of the
individual(s) in space will reveal possibilities for conversing with architecture. (Sama, 2011).
This can be applied to the use of the haptic enable hands for the CricSim. There is still more
work to be accomplished to provide a more realistic understanding of the capabilities and
limitations of using artificial kinesthetic in simulation.
It is important when examining the use of high fidelity simulators in the health care
field for training to not confuse the outcomes with respect to the simulator in the
experimental setting with expected outcomes of the real application in the application
setting. In this experiment, the HapMed mannequin based simulator was placed on the
floor while the CricSim virtual simulator functioned from a desk top on a table and the
participants sat in the chair. Combat medics actually perform the procedure before a
solider is transported to a hospital and often the patient will be on the ground, floor or on a
table lying flat. Thus, “effort” outcomes on either simulator may not be indicative of effort
required to perform the procedure in the real-world setting.
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Specifically, when evaluating “effort” outcome in using HapMed against a standard
of ambivalence, subjects statistically rejected ambivalence about Medium “Effort” for Tasks
1, 3 and 4 and all tended toward low. “Effort” outcome with the CricSim tended toward low
for Tasks 1, 2, and 3. Post hoc analysis shed doubt on some of these results however. The
median response levels for “Effort” for HapMed tasks 1, 3, and 4 were “Medium”. The
median response level of “Effort” for CricSim tasks 2 and 3 were “Medium”. Further,
comparative analysis in tables 153 – 156 between HapMed and CricSim indicated effort for
task one to be easier for CricSim than HapMed while effort for task four to be harder for
CricSim than HapMed. Whether the on the floor versus at the table contributed to these
differences in effort issues is unclear.
As stated earlier, according to Dr. Alan Liu, the use of a 3 dof haptic hand device for
a 6 dof task four may have contributed to the less than desired rating on effort for the
CricSim for that task. He states that a three degree of freedom device was used on the
CricSim rather than the six degree of freedom device which was required to address the
task freely. Dr. Liu explains that a tradeoff decision was made to reduce the cost for the
customers who have to address their total cost of ownership in an era of shrinking funds.
The cost for the recommended haptic enabled device to meet the six degree of freedom is
$60,000 while the device used that addresses three degrees of freedom is only $12,000
each. A system in the development lab used the six degree device and provides more
precise capability.
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Given the above clarification about Task 4 effort level differences from ambivalence
toward either high or low leaves differences in task one needing clarification. Task one
outcome differences are confounded by the increased visualization effect in CricSim than in
HapMed. Whether the simulated task one in CricSim is easier than the real world task is an
open question since some subjects raised this as a question as cited above. This assessment
was made by more experience medics than the general population and certainly more
experienced than a novice receiving first time training, whereas results may be different
with a novice or less experienced subject.
In comparing level of effort between CricSim and HapMed, HapMed level of effort
was greater on only one task and that was Task 1, “To correctly locate cricothyroid
membrane”. Given the fore mentioned CricSim visualization advantages revealed above,
we are NOT surprised that the CricSim has less level of effort for Task 1. Further, we do not
believe that differences in the experimental setting for HapMed and CricSim created bias in
the outcome of our analysis, rather we believe the dominate influence contributing to this
difference is the increased visualization in CricSim.
None the less, HapMed, subjects had to kneel on the on the floor to perform the
procedure and CricSim subjects performed the procedure on a table while sitting at a chair.
Neither condition is a battlefield environment but HapMed did require the kneeling position
often seen in combat conditions. Are research did not address the following questions: Did
the desktop location of CricSim artificially create less effort than might be expected in the
battlefield? Is the medium level of effort seen in the median using the mannequin HapMed
575

more indicative of the real world or a negative bias when comparing the Haptic-enabled VR
to the mannequin technology? If training of the procedure requires battlefield conditions
and if battlefield conditions are such that most cricothyroidotomy are performed on the
ground, given CricSim must be used on a desk or table top the use of CricSim may NOT be
appropriate for combat medic battlefield and buddy training by its design. This comment
does not diminish the CricSim’s ability to train the procedure but just clarifies the setting
under which the procedure may best be taught using the CricSim.
Beyond the context and task issues discussed above, the finding of this research is
influenced by the training population addressed. The sample population for this
experiment was comprised of experienced combat medics on the cric procedure and was
more thorough and critical in their assessment plus possibly biased by prior experience and
hence familiarization with mannequins. The same simulation capabilities may be applied to
a novice sample population and different results may result. According to Dr. Alan Liu, the
CricSim trainer was originally designed for Novice trainers for the basic training.
Participants express contentment with exciting products such as the CricSim due to
its visualization capabilities and high technological capabilities with the use of shutter
glasses and haptic technology, but slightly tend to provide more favorable ratings to
HapMed. There is a possibility that they prefer to revert back to the familiar and what they
are accustomed to using or the setting mention above or the simulator itself may have
influenced their slight preference. The participants revealed that that many of the previous
training products were mannequin based.
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Are the improved visualization capabilities of the CricSim Haptic-enabled VR and the
resulting higher level of excitement that we observed in this experiment found in the
literature? Chan S, Conti F, Salisbury K, Blevins NH (2013) of the Department of Computer
Science at Stanford University discusses the improved benefits in virtual environments
supporting neurosurgery training in which visualization is critical. Since neurosurgeons are
faced with the challenge of learning successful performing very complex surgical procedures
in which there is little room for error, simulation with recent improvements in
computational power and advances in visual and haptic display technologies, virtual surgical
environments offer real benefits to this area (Chan S, Conti F, Salisbury K, Blevins NH (2013).
Additionally, Petersson H, Sinkvist D, Wang C, Smedby O. (2009) of the Center for Medical
Image Science and Visualization (CMIV), Linköping University, Linköping, Sweden discusses
the potential use and benefits of a web-based interactive 3D visualization in a virtual reality
environment as a tool for improved anatomy learning.
Some current practices suggest that an approach to training emergency medical
procedures require a mixed of virtual reality and mannequin based capabilities for optimal
performance. Thus training may not be an either or approach to Haptic-enabled VR versus
Mannequin, but rather both. According to the Stanford Center for Immersive and
Simulation Based Learning, the underlying of concept described for the desktop simulation
are taken one step further in the recreation of a real physical patient in a realistic physical
clinical environment with a mix of mannequin based simulation and other virtual reality
components (http://cisl.stanford.edu/what_is/sim_modalities/mannequin_sim.html). The
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Center notes this is being accomplished more often because real patients don’t live in a
virtual world – they and the clinicians who care for them work in an actual physical world
with real people. Obviously the practice on live patients is limited and poses ethical
concerns, therefore, the computerized mannequin replaces the live patient, and a variety of
equipment is used to monitor and treat the patient. Stanford is using a combination of
mannequin based simulators and desktop virtual worlds in the training medical students.
The Stanford Center is using the mannequin-based simulator with a computer
representation of the patient similar to that in a desktop simulator, but replaces the videos,
drawings, and animations with actual functions of the “plastic person.” The mannequinbased simulators are then used to replicate the defined functions such as airway
management and are being commonly used in life-threatening situations require prompt
attention by medical professionals.
Besides mannequins and Haptic enabled VR, another approach to surgical training is
VR supplemented or enhanced mannequins. The use of a virtual reality enhanced
mannequin (VREM) is being exploited in medical training by resuscitation experts. A study
conducted by the Department of Anaesthesia and Intensive Care, Ospedale Maggiore,
Bologna, Italy evaluates a VREM prototype on volunteer participants who later responded
to a questionnaire regarding user-friendliness, realism, and interaction/immersion. A
prototype comprised of a commercial Laerdal HeartSim 4000 mannequin was integrated
with virtual reality (VR) technologies and customized software to increase the immersive
environment of emergency medical scenarios. The study concluded that the prototype of
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the VR enhanced mannequin was highly accepted, without interference by interaction
devices, and full technological development and validation in emergency medical training
was recommended (Semeraro F, Frisoli A, Bergamasco M, Cerchiari EL, 2009.)
Since both the mannequin and the Haptic enabled VR simulators enabled subjects to
successfully train or practice the cric procedure, has the question of choice of mannequin vs
virtual reality moved from issues such as ability of the simulation technology to simulate
real life procedure to the cost of the technology? There does not appear to be an issue in
the advancement in information technology as there is proliferation of mannequin based
simulation and mixed virtual reality products and environments. The Journal of
Emergencies, Trauma and Shock reports (Lateef, 2010) notes the cost of simulation
training was high for many institutions when it was first introduced, however, over time
organizations see this as worthwhile investment and a flexible method for augmenting
medical education and training. Cost still remains an issue with simulation courses as the
purchase of the simulators, equipping the simulation room, providing maintenance, and
training faculty and staff still remains relatively high (Dent, 2001; Euliano, 2001; Farnsworth
et al., 2000; Good, 2003; Haskvitz & Koop, 2004; Hotchkiss & Mendoza, 2001; Issenberg,
McGaghie et al., 1999; Morton, 1997; D. Murray et al., 2002; Nehring et al., 2001; Nyssen et
al., 2002; Wang & Vozenilek,2005). According to David Rodgers (Rogers, 2007) the cost of
some information technology has decreased but to integrated simulation into a curriculum
may cost from $20,000 to $300,000. Stanford University recognizes the continuing
emergence of computer haptics for training and has increased the need for cheaper, safer
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and smaller tactile display solutions. Their research in haptic simulation has focused on the
development of new algorithms and control structures to allow the quick and robust tactile
display of virtual environments derived from common graphical descriptions. According to
Stanford, by investigating the ways humans perceive their environment through the sense
of touch, new control strategies for displaying large virtual environments through small
haptic devices are developed which has potential for costs reductions. The developments
of these new technologies have great potential for enormous benefits in many areas of
human activity including medicine (http://cs.stanford.edu/groups/manips/research/hapticinteraction) and demand further exploration.
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Limitations of Study
The study performed had many limitations to both how the experiment could be
conducted as well as the composition and number of participants. Combat medic training
operates on a very strict timeline due the limited amount of time and resources available as
discussed in Chapter Three of this study. There is very little room to modify or augment and
existing course or training environment. There are a very few days when a study such as
this can be incorporated into the ongoing curriculum. Access to medical instructors and the
number of students available were limited or not available. A larger number of students
may have provided more data resulting in stronger or more inferences.
The availability of the HapMed and CricSim trainers was an issue since there was
limited production. One of each trainer is provided for the experiment at MBTS.
The ability to evaluate the realism of the anatomy and physiological aspects was
limited. Access to medical doctors and documentation detailing the human physiological
standards for trainers were limited due to the research and development nature of the
project.
The orientation provided to the system was adequate, but ideally more time to learn
and practice on the system is preferred. If there were a larger number of instructors or
students, it would be possible to evaluate the hypothesis with much more statistical
significance. A better outcome would be realized if there was an opportunity to evaluate
many students over a period of year in order to have large populations to evaluate.
Additionally, this time limitation limited the number of hours available for training. Ideally,
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a one day training session would have provided a better opportunity for students to learn
the system well before conducting the procedure using both HapMed and CricSim. Finally,
the well-defined training curriculum allowed for few training sessions to be augmented with
HapMed and CricSim.
The engineer support and technology were made available to provide orientation
and familiarization to many students, but during this time weather conditions throughout
the area were an issue, thereby limiting trainee participation.

Instructor’s Assessment of Students Performance
Prior to the rating, the instructor reviewed the GO/NO GO rating criteria and
determined which tasks could be rated using the trainers. Not all tasks in the evaluation
checklist could be demonstrated due to the limitations of both trainers. The instructors
evaluated the student’s performance based on the GO/NO GO assessment in survey form in
Appendix D after each student performed the cricothyroidotomy on each virtual trainer.
All students were rated successful after completing the tasks using both CricSim and
HapMed. The two instructors evaluating the students did not fail any student and allowed
them to continue to use the trainers until they performed the procedure successfully. We
relied on the experts to make this judgment on pass/fail and did NOT have or impose a time
standard on procedure accomplishment to evaluate whether or not a real patient would
have died during the extended time some subjects took to perform the procedure in the
simulations.
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Data Collection within the Trainers
Even though students were successful in using both the HapMed and CricSim
trainers, there were limitations with both. An attempt to collect performance data from
within the trainers was made. The status board was not working as designed and the chest
was not rising and falling as expected with HapMed. In some cases, false readings did
occur. The HapMed does not capture data in a database. In the version used in the
experiment, data are presented via screen captures and made visible while going through
the process. The HapMed was positioned on the floor; just as many other trainers are
used for buddy training making visibility of data capture in the form of screen shots difficult
during the process. Additionally, there were technical difficulties with HapMed, which
made the reporting inaccurate.
Technical operational issues did not exist with CricSim, but there were issues with
capturing the performance data in a standard file. These issues were not resolved until the
experiment was well underway; therefore, performance data was not electronically
captured on all of the students. Numerous attempts were made to capture time to
complete the tasks for all students, but realized from the initial experience that the
processes for using the trainers were different for each and time would not be a good
reporting or comparison metric.
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Lessons Learned
Several lessons were learned during the conduct of this study which will help future
studies in this area. Some of these lessons include conducting more thorough pilot tests,
shortening the surveys, and better determination of performance standards and procedures
for training the combat medic. While I do not believe that these factors would have
changed the study’s outcome, I do believe they could have made the data collection process
much easier and efficient.
The involvement of medical doctors in the process for their professional opinions is
advantageous. The modifications of the surveys as new information is discovered decreases
chances for error. Better pilot studies could possibly have remedied some of the issues
with survey length. Even though the questionnaires were very thorough there is always
room for improvement. The questionnaires were provided to the instructor for review prior
to the experiment. By providing the questionnaires to the primary instructor in adequate
time, better questions that represented their concerns may have been developed. The
administering of the surveys electronically better supports collection of data, compilation
and analysis. The surveys were administered using hardcopy format since the resources
were not available to support the electronic administering of the surveys electronically.
Electronic administration may have proven more efficient. In some cases, with the NASA
TLX surveys, ratings were difficult to read leaving room for some error. Giving the combat
medics the ability to take the surveys home and return the next day, provided the combat
medics and opportunity to reflect and take their time to complete the surveys. Collection
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of surveys directly onsite immediately after use of the systems may have allowed a better
response rate in number of students responding.
The availability of the developers of the virtual products onsite was very beneficial
for training and orientation on the products, but I would recommend that no assistance is
provided while the combat medic actually performed the procedures for evaluation. This
would provide a more accurate assessment on the use of the capabilities to perform the
cricothyroidotomy tasks. The developers were there to train and assist the participants.
Both RDECOM and the National Capital Region Medical Simulation Center were
contacted regarding planned enhancements for the HapMed and CricSim. Currently,
feature enhancements for the CricSim that may address the lessons learned or shortfalls in
the virtual trainer are not planned. However, plans are underway to standardize the
platform in terms of hardware and software to allow improved interaction and integration
of other simulation capabilities and to reduce logistical costs. This should aid in the total
cost of ownership for the product.
Feature enhancements that may address lessons learned for the HapMed are not
planned. Currently, a contract award planned for September 2013 is underway for the
HapMed will add a needle chest decompression capability to the suite for the treatment of
tension pneumothorax. This is not related to the cricothyroidotomy procedure.
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Future Research Areas
Simulation has been studied and is incorporated in a wide variety of healthcare and
surgical provider curriculums; it has yet been proven an educational tool by all providers.
While the vast majority of the subjects in this experiment could work with either technology
a few either rejected HapMed or rejected CricSim. While this may be reason alone to have
multiple simulators available for training, are there parallels between the attitudes of the
few for these medical simulators with the attitudes of those who strongly prefer one
technology over another? Obvious examples are strong supports of the Apple computer
operating system while totally rejecting the Microsoft operating system (Gilbert 2012),
(Gatlen, 2009) OR Ford “diehard” supporters versus Toyota “diehard” supports OR many
other strongly held preferences for one technology over another (Oliver, 2010), (Sriram, S.,
Chintagunata, Pradeep K., Nellameghan, Ramya, 2004). Clearly over time financial
constraints will force a choice between technologies but until that time, applications appear
to differ and require different technological solutions. In our case, the emergency field
conditions appear to support the HapMed solution currently. However, CricSim provides
obvious advantages for a clinical environment such as increased visualization and ease of
learning. This implies application priorities may dominate outcome selection and outcomes
of near term future research. It would be interesting to know how the use and experience
of the simulation and the knowledge gain transfers to students as they perform the live
procedure when deployed or serving in a medical facility. During the experiment, neither
CricSim nor HapMed were used in an emergency combat environment instead it was a
586

typical training classroom environment. Since cricothyroidotomy is an emergency airway
management technique that combat medics will have to address in the field, these products
as well as others should be evaluated in an emergency environment. An evaluation of how
well trainers performed during this time and identify any shortfalls for improvement is
recommended.
Further research into whether current simulators model the human anatomy and
physiological processes properly is needed. A clear example of this is the haptic expansion
used by the CricSim in Task 4. Not it is also clear from the open feedback that while the
HapMed tissue was adequate, it was still not equivalent to human tissue. Further research
on emerging capabilities discovered during this investigation such as the cut suit simulator
that was going through the patent process is recommended.
The research and evaluation of questions that were beyond the scope of this
dissertation due to a limitation of the number of trainers required to thoroughly examine
this area. It is highly recommended that the following questions are explored in future.
Future Research Question. From a training transfer perspective, is there a difference
in perceived usability, procedural fidelity, and effectiveness of the CricSim and HAPMED
between trainee medics and medics in the field?
This question addresses the transfer of skill and the application of it after a trainee
experiences the use of CricSim and HapMed.
Training Transfer - Hypothesis 1
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H1Cο = From a training transfer perspective, there is a difference in perceived
usability, procedural fidelity, physiological fidelity, and effectiveness of the CricSim between
trainee medics and experienced medics in the field?
H1Ca = From a training transfer perspective, there is not a difference in perceived
usability, procedural fidelity, and effectiveness of the CricSim between trainee medics and
experienced medics in the field?
H1Hο = From a training transfer perspective, there is a difference in perceived
usability, procedural fidelity, and effectiveness of the HapMed between trainee medics and
experienced medics in the field?
H1Ha = From a training transfer perspective, there is not a difference in perceived
usability, procedural fidelity, and effectiveness of the HapMed between trainee medics and
experienced medics in the field?
The evaluation of capabilities such as CricSim and HapMed in an environment (real
or simulated) comparable to a real life situation is recommended. The experiment did not
address real live stressful situations that certainly occur in a combat emergency
environment.
The evaluation of capabilities such as CricSim and HapMed with variable conditions
of the cricothyroidotomy is recommended. The current research does not address
distortions of the cricothyroid membrane or neck size or other physical attributes of human
beings that influence the successful completion of the cric procedure. The capabilities of
both systems assume that every human is the same. According to an interview with Dr.
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Michael Bowyers, a leader in medical simulation, in the fall of 2011 developers are not
addressing the differences in the anatomy of patients in simulators as required.
Future studies such as this one, may consider using an 85% acceptance rate in the
research design, which is common in many studies involving human factors. The 95%
acceptance rate was used in the research design for this study, which is very common
scientific approach. If an 85% acceptance rate was used in this study, this would result in
more acceptances of the data results and elimination of some of the inconclusive
statements.
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APPENDIX A
EMERGENCY CRICOTHYROIDOTOMY PROCEDURE
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Emergency cricothyroidotomy is a surgical procedure where an incision is made
through the skin and cricothyroid membrane. This allows for the placement of an
endotracheal tube into the trachea when control of the airway is not possible by other
methods.
• Indications for CRIC include: Inability to ventilate the casualty with an obstructed
airway isan indication for creating a surgical airway. Severe maxillofacial injury, airway
obstruction and structural deformities of the airway are such indications.
• Necessary materials and equipment: sterile gloves, scalpel, tracheal hook,
povidone-iodine, gauze pad, 6mm Bore-cuffed Cricothyroidotomy Tube and securing strap.
• Evaluation Guidance: Score each soldier according to the performance measures in
the evaluation guide. Unless otherwise stated in the task summary, the soldier must pass all
performance measures to be scored GO. If the soldier fails any step, show what was done
wrong and how to do it correctly.
• Standards: Establish an emergency airway without causing unnecessary injury to
the casualty. Complete steps 4 through 12 in order.
• Key decision: Is other airway management procedure indicated?
• Common Error: Hyperextend a casualty's neck if a cervical injury is present.
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Figure 261. Cutting of cricothyroid membrane.
Source: Cricothyroidotomy Procedure, Satgl et al 2010
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APPENDIX B
STANDARD PROCEDURES FOR CRICOTHYROIDOTOMY
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Published by U.S. Army Medical Command
STP 8-68W13-SM-TG
3-152 15 April 2009
PERFORM A SURGICAL CRICOTHYROIDOTOMY
081-833-3005
STP 8-68W13-SM-TG
3-152 15 April 2009
PERFORM A SURGICAL CRICOTHYROIDOTOMY
081-833-3005
Conditions: You have a casualty requiring a surgical cricothyroidotomy. You will need
a cutting instrument (scalpel, knife blade), airway tube (endotracheal (ET) tube,
tracheotomy tube, or any non-collapsible tube, suctioning apparatus, alcohol swabs, knife
handle, gloves, and tape. You are not in a CBRNE environment.
Standards: Perform a surgical cricothyroidotomy without causing unnecessary injury
to the casualty.
Performance Steps
CAUTION: Casualties with a total upper airway obstruction, inhalation burns, or massive
maxillofacial trauma who cannot be ventilated by other means are candidates for a surgical
cricothyroidotomy.
1. Gather cricothyroidotomy kit or minimum essential equipment.
NOTE: Because of the need for speed, every medic should have an easily accessible
Cricothyroidotomy kit that contains all required items.
a. Cutting instrument: number 10 or 15 scalpel or knife blade.
b. Airway tube: ET tube, tracheotomy tube, or any noncollapsible tube that will
allow enough airflow to maintain oxygen saturation.
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NOTE: In a field setting, an ET tube is preferred because it is easy to secure. Use a size 6.0 to
7.0 ET tube, and ensure the cuff will hold air.
2. Hyperextend the casualty's neck.
WARNING: Do not hyperextend the casualty's neck if a cervical injury is suspected.
a. Place the casualty in the supine position.
b. Place a blanket or poncho rolled up under the casualty's neck or between the
shoulder blades to hyperextend the neck.
3. Put on gloves.
4. Locate the cricothyroid membrane.
a. Place a finger of the nondominant hand on the thyroid cartilage (Adam's apple),
and slide the finger down to the cricoid cartilage.
b. Palpate for the soft cricothyroid membrane below the thyroid cartilage and just
above the cricoid cartilage.
c. Slide the index finger down into the depression between the thyroid and cricoid
cartilage.
d. Prepare the skin over the membrane with an alcohol swab.
5. Stabilize the larynx with the nondominant hand.
6. With the cutting instrument in the dominant hand, make a 1 1/2 inch vertical incision
through the skin over the cricothyroid membrane.
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NOTE: A vertical incision will allow visualization of the cricothyroid membrane, but keep the
scalpel blade away from the lateral aspect of the neck. This is important because of the
large blood vessels located in the lateral areas of the neck.
CAUTION: Do not cut the cricothyroid membrane with this incision.
7. Maintain the opening of the skin incision by pulling the skin taut with the fingers of the
nondominant hand.
8. Stabilize the larynx with one hand and cut horizontally through the cricothyroid
membrane.
9. Insert a commercially designed cricothyroidotomy hook or improvise with the tip of an
18- gauge needle formed into a hook through the opening; hook the cricoid cartilage, and
lift to stabilize the opening.
10. Insert the end of the ET tube or tracheotomy tube through the opening and towards the
lungs. The tube should be in the trachea and directed toward the lungs. Inflate the cuff 10
cubic centimeters (cc) of air.
11. Assess the casualty for spontaneous respirations (10 seconds).
12. Attach a pulse oximeter to the casualty, if available.
13. Assist with ventilations when respirations are <8 or >30 or a pulse oximeter reading
<90%Direct an assistant to ventilate the casualty with a BVM, if necessary.
14. Auscultate lung fields and watch for rise and fall of the chest to confirm tube placement.
15. Secure the tube, using tape, cloth ties, or other measures, and apply a dressing to
further protect the tube and incision.
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16. Monitor the casualty's respirations on a regular basis.
a. Reassess air exchange and placement every time the casualty is moved.
b. Assist with respirations if the respiratory rate falls below 8 or rises above 30 per
minute.
Evaluation Preparation:
Setup: For training and evaluation, use a mannequin or have another Soldier act as the
casualty. Under no circumstances will the skin be incised. Have the Soldier demonstrate and
explain what he would do.
Brief Soldier: Tell the Soldier to perform a surgical cricothyroidotomy.
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APPENDIX C
CRICSIM/HAPMED NASA TASK LOAD INDEX SURVEYS
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HAPMED PARTICIPANT ID:
INSTRUCTOR OR TRAINEE (Circle One)
Please answer the following questions with respect to theCRICSIM
HAPMEDSimulator
simulartor……
NASA TLX
Question
In the HAPMED
Simulator

Date:

TASK 1

TASK 2

TASK 3

TASK 4

Correctly Identify the
Cricothyroid Membrane

Palpate the membrane
and made a vertical incision
in the midline directly over
the cricothyroid membrane

While Stablizing the
larynx, use the scalpel or hemostat
and cut or poke through the
cricothyroid membrane

After dilating the opening. Insert
an appropriate ET tube or cannula between
the jaws of the hemostat with the tube in the trachea
directed toward the lungs

Enter Number Estimate betweenEnter Number Estimate between Enter Number Estimate between
1 and 21 in each box below
1 and 21 in each box below
1 and 21 in each box below

Enter Number Estimate between
1 and 21 in each box below

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

lllllllllllllllllllll
1
11
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

Enter Number

Enter Number

Enter Number

Enter Number

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

lllllllllllllllllllll
1
11
21
Low
High

TEMPORAL
DEMAND
How hurried or
rushed was the pace
of the task?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

PERFORMANCE
How successful were
you in accomplishing
what you were asked
to do?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

EFFORT
How hard did you
have to work to
accomplish your level
of performance?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

FRUSTRATION
How insecure,
discouraged,
irritated,
stressed and
annoyred were you?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

MENTAL DEMAND
How mentally
demanding was the
task?

PHYSICAL DEMAND
How physically
demanding was the
task?
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CRICSIM PARTICIPANT ID:
INSTRUCTOR OR TRAINEE (Circle One)
Please answer the following questions with respect to theCRICSIM
HAPMEDSimulator
simulartor……
NASA TLX
Question
In the CRICSIM
Simulator

Date:

TASK 1

TASK 2

TASK 3

TASK 4

Correctly Identify the
Cricothyroid Membrane

Palpate the membrane
and made a vertical incision
in the midline directly over
the cricothyroid membrane

While Stablizing the
larynx, use the scalpel or hemostat
and cut or poke through the
cricothyroid membrane

After dilating the opening. Insert
an appropriate ET tube or cannula between
the jaws of the hemostat with the tube in the trachea
directed toward the lungs

Enter Number Estimate betweenEnter Number Estimate between Enter Number Estimate between
1 and 21 in each box below
1 and 21 in each box below
1 and 21 in each box below

Enter Number Estimate between
1 and 21 in each box below

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

lllllllllllllllllllll
1
11
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

Enter Number

Enter Number

Enter Number

Enter Number

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High

lllllllllllllllllllll
1
11
21
Low
High High

lllllllllllllllllllll
1
11
21
Low
High

TEMPORAL
DEMAND
How hurried or
rushed was the pace
of the task?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

PERFORMANCE
How successful were
you in accomplishing
what you were asked
to do?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

EFFORT
How hard did you
have to work to
accomplish your level
of performance?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

FRUSTRATION
How insecure,
discouraged,
irritated,
stressed and
annoyred were you?

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

Enter Number
lllllllllllllllllllll
1
11
21
Low
High High

MENTAL DEMAND
How mentally
demanding was the
task?

PHYSICAL DEMAND
How physically
demanding was the
task?
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APPENDIX D
INSTRUCTORS EVALUATION FOR MOS 68WS
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Medical Battalion Training Site, Advanced Airway Management Training Class
STP 8-68W13-SM-TG, 3-154 15 April 2009
Performance Measures GO NOGO
1. Gathered cricothyroidotomy kit or minimum essential equipment. —— ——
2. Hyperextended the casualty's neck. —— ——
3. Put on gloves. —— ——
4. Located the cricothyroid membrane and decontaminated with an alcohol swab. ——
5. Stabilized the larynx with the nondominant hand. —— ——
6. Made a 1 1/2 inch vertical incision over the cricothyroid membrane, with the cutting
instrument in the dominant hand. —— ——
7. Maintained the opening of the skin incision by pulling the skin taut with the fingers of the
nondominant hand. —— ——
8. Stabilized the larynx with one hand and cut through the cricothyroid membrane. ——
9. Inserted a commercial cricothyroidotomy hook or the tip of an 18 gauge needle bent into
a hook through the opening of the cricoid cartilage lifting to stabilize the opening.
—— ——
10. Inserted the end of the ET tube or tracheotomy tube into the opening. The tube was
entered into the trachea and directed toward the lungs and entered approximately 1-2 cm
distal to the proximal tip of the cuff. —— ——
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APPENDIX F
APPROVAL OF HUMAN RESEARCH
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APPENDIX G
INFORMED CONSENT FOR AN ADULT IN A NON-EXEMPT RESEARCH STUDY
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A Case Study on Modeling and Simulation for Training Cricothyroidotomy
Informed Consent for an Adult in a Non-Exempt Research Study

Principal Investigator(s):
Central Florida

Lillian Campbell-Wynn, Graduate Student, University of

Sub-Investigator(s):

None

Faculty Supervisor:

Michael D. Proctor, Ph.D.

Investigational Site(s):

Medical Battalion Training Site, Fort Indiantown Gap, PA.

Introduction: Researchers at the University Of Central Florida (UCF) study many topics. To
do this we need the help of people who agree to take part in a research study. You are
being invited to take part in a research study, which will include about fifty people at the
Medical Battalion Training Site, Fort Indiantown Gap, PA and the Research and
Development Command. You have been asked to take part in this research study because
you are involving in instructional technologies and techniques that train the combat medic
or emergency medical personnel in airway management procedures such as
Cricothyroidotomy. For example, you are a student, instructor or subject matter expert
participating or supporting advanced airway management training. You must be 18 years of
age or older to be included in the research study.
The person doing this research is Lillian Campbell-Wynn of University of Central Florida,
within the Institute for Simulation and Training Department. Because the researcher is a
graduate student, she is being guided by Michael D. Proctor, Ph.D., Associate Professor,
CMSP IEMS & IDS M&S University of Central Florida,
What you should know about a research study:


Someone will explain this research study to you.
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A research study is something you volunteer for.



Whether or not you take part is up to you.



You should take part in this study only because you want to.



You can choose not to take part in the research study.



You can agree to take part now and later change your mind.



Whatever you decide it will not be held against you.



Feel free to ask all the questions you want before you decide.

Purpose of the research study: The purpose of this research is to examine through
a case study methodology alternative training technologies and methods for experientially
learning the cricothyroidotomy emergency medical procedure. Through this research,
shortfalls or gaps of the existing and emerging training technologies and methods will be
identified. Further recommendations are expected that will expand the capabilities of the
training technologies for better cricothyroidotomy training. In addition, the research is
expected to provide insights on the contribution to experiential learning by the underlying
sensory aspects of the technologies found themselves.
What you will be asked to do in the study:


Students will participate in orientation and training on two emerging modeling and
simulation capabilities – CricSim and HAPMED in a classroom environment.
o Perform a cricothyroidotomy procedure using CricSim and HAPMED virtual
technologies
o Complete steps as designated by U.S. Army standards
o Complete a survey to evaluate your experience for each emerging capabilityCricSim and HAPMED



Instructors will evaluate student performance of performing cricothyroidotomy
procedures based on standard procedures.



Instructors, engineers and subject matter experts will comment on the use of the
CricSim and HAPMED in performing the cricothyroidotomy procedure.

Location: A military classroom setting at the United States Army Medical Battalion
Training Site, Fort Indiantown Gap, Pennsylvania.
Time required: We expect that you will be in this research study for no more than
two hours in a controlled classroom setting.
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Audio or videotaping:
You will be audio taped during this study when using the emerging technologies. Your face
will not be captured, only your hands when using the virtual technologies. If you do not
want to be audio taped, you will not. If you are audio taped, the tape will be kept in a
locked, safe place. The tape will be erased or destroyed when the research project is
completed.
Risks:
Side effects of VE (virtual environment) use may include stomach discomfort,
headaches, sleepiness, dizziness and decreased balance. However, these risks are no
greater than the sickness risks participants may be exposed to if they were to visit an
amusement park such as Disney Quest (Disney Quest is a VE based theme park), Disney
World or Universal Studios parks and ride attractions such as roller coasters. You will be
given fifteen-minute breaks during the exercise to lessen the chance that you will feel sick.
If you experience any of the symptoms mentioned, please tell the researcher and remain
seated until the symptoms disappear.
Benefits:
We cannot promise any benefits to you or others from your taking part in this
research. However, possible benefits include an opportunity to train on emerging
technology and provide valuable feedback. Your feedback may influence future
development and offer significant improvements and cost savings in technologies that will
eventually be fielded.
Compensation or payment:
There is no compensation, payment or extra credit for taking part in this study.
Confidential research: This study is confidential. Participants will not be tracked by name
or personal information, only by number ID assigned. Data pertaining to the associated IDs
will be used for analysis and access is controlled.
No one, not even members of the
research team, will be able to associate the data with specific names when data is compiled
and analyzed.
Study contact for questions about the study or to report a problem: If you have questions,
concerns, or complaints, or think the research has hurt you, talk to: Lillian Campbell-Wynn,
Graduate Student, Modeling and Simulation Program, College of Science, (407) 407-2085774 or Faculty Supervisor, Michael D. Proctor, Ph.D., Associate Professor, CMSP IEMS & IDS
M&S University of Central Florida, 407-823-5296,
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mproctor@mail.ucf.edu
IRB contact about your rights in the study or to report a complaint: Research at
the University of Central Florida involving human participants is carried out under the
oversight of the Institutional Review Board (UCF IRB). This research has been reviewed and
approved by the IRB. For information about the rights of people who take part in research,
please contact: Institutional Review Board, University of Central Florida, Office of Research
& Commercialization, 12201 Research Parkway, Suite 501, Orlando, FL 32826-3246 or by
telephone at (407) 823-2901. You may also talk to them for any of the following:
 Your questions, concerns, or complaints are not being answered by the research
team.
 You cannot reach the research team.
 You want to talk to someone besides the research team.
 You want to get information or provide input about this research.
[There are several signature pages attached to this template consent. Use the signature
page(s) appropriate for your study. The IRB recommends that you make separate consent
documents for each signature page to be used. Please note that ALL research requires
signed and dated consent documents and requires that participants be given a signed and
dated copy] [Use this Signature Block for capable adults when using the long consent form
when a witness signature is not required]
Your signature below indicates your permission to take part in this research. and to the use
and disclosure of your protected health information: [Remove latter section if there is no
HIPAA authorization]
DO NOT SIGN THIS FORM AFTER THE IRB EXPIRATION DATE BELOW
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PARTICIPANT ID_______________

Date:____________

INSTRUCTORS EVALUATION FOR MOS68WS
ADVANCED AIR MANAGEMENT AIRWAY TRAINING
SIMULATOR: HAPMED OR CRICSIM (Circle One)
Instructor ID: _____________________
Performance Measures GO/ NOGO
1. Located the cricothyroid membrane —— ——
2. Stabilized the larynx with the nondominant hand. —— ——
3. Made a 1 1/2 inch vertical incision over the cricothyroid membrane, with
the cutting instrument in the dominant hand. —— ——
4. Maintained the opening of the skin incision by pulling the skin taut with the
fingers of the nondominant hand. —— ——
5. Stabilized the larynx with one hand and cut through the cricothyroid
membrane. —— ——
6. Inserted a commercial cricothyroidotomy hook or the tip of an 18 gauge
needle bent into a hook through the opening of the cricoid cartilage lifting
to stabilize the opening. —— ——
7. Inserted the end of the ET tube or tracheotomy tube into the opening. The
tube was entered into the trachea and directed toward the lungs and
entered approximately 1-2 cm distal to the proximal tip of the cuff. —— ——

Evaluation Guidance: Score each Soldier according to the performance measures in
the evaluation guide. Unless otherwise stated in the task summary, the Soldier must pass all
performance measures to be scored GO. If the Soldier fails any step, show what was done
wrong and how to do it correctly.
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APPENDIX I
CRICSIM/HAPMED TAM SURVEY
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PARTICIPANT ID_______________

Date:____________

COMBAT MEDIC QUESTIONNAIRE
ADVANCED AIRWAY MANAGEMENT TRAINING
BACKGROUND INFORMATION - PRE EXPERIMENT
Please provide the appropriate responses:

1. Organization:____________________________
2. Age: Please circle one.
Under 25,

25 – 30

30 – 35

35 – 40

40 or Older

3. Gender: Please circle one.

Male

Female

4. Military Rank:____________

5. Level of Education:______________

6. Not counting time actually performing the cricothyroidotomy in real life, what is the
amount of time that you have spent training on animals, mannequins, simulators, or
other system designed for Performing cricothyroidotomy procedure
Never Two hours or less Three to Nine hours Ten to Twenty Hours
More than twenty hours (Circle one answer)

7. How many cricothyroidotomy procedures have you ever performed on live patient
in your career? (Circle one answer below)
Zero
One
Two to three
Four to ten
Eleven or more
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8. Identify your success rate on cricothyriodotomy procedures performed on live
patients?
0% 10% 25% 50%, 75%
90% 100%

PARTICIPANT ID_______________

Date:____________--

POST EXPERIMENT
1. Learning to operate the CricSim would be easy for me. Please circle the most
accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely
2. It would be easy for me to become skillful at performing a Cricothyroidotomy using
the CricSim. Please circle the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

3. My visual interaction within CricSim is clear and understandable. Please circle the
most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely
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4. My tactile (sense of touch) interactions within CricSim were clear and
understandable. Please circle the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

5. My sense of force feedback within CricSim is realistic and recognizable. Please
circle the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

6. Would you recommend CricSim training to other students?

Circle One

Yes

No

7. If not, why not?

__________________________________________________________________

8. Learning to operate the HAPMED would be easy for me. Please circle the most
accurate statement.
Extremely Unlikely
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Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

9. It would be easy for me to become skillful at performing a Cricothyroidotomy
using the HAPMED. Please circle the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

10. My visual interaction within HAPMED is clear and understandable. Please circle
the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

11. My tactile (sense of touch) interactions within HAPMED were clear and
understandable. Please circle the most accurate statement.
Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely
12. My sense of force feedback within HAPMED is realistic and recognizable. Please
circle the most accurate statement.
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Extremely Unlikely
Quite Unlikely
Slightly Unlikely
Neither Likely nor Unlikely
Slightly Likely
Quite Likely
Extremely Likely

13. Would you recommend HAPMED training to other students?

Circle One

Yes

No

14. If not, why not?

__________________________________________________________________

15. What other systems, methods or technologies have you used to TRAIN on
performing the cricothyriodotomy procedure?

_______________________________________________________________

16. Do you prefer the other system, method, or technology for TRAINING on the
performing the cricothyroidotomy procedure?
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17. What were some of the advantages of the other system, method or technology
that you used for learning the cricothyroidotomy procedure?
_________________________________________________________________
__________________________________________________________________
18. What were some of the disadvantage of the other system, method, or technology
that you used for learning the cricothyroidotomy procedure?
_________________________________________________________________
__________________________________________________________________
19. Please provide any feedback for improvement of the trainer and the experience.
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APPENDIX J
PARTICIPANT ORAL INTERVIEW RESULTS
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Open Discussions/Interviews – August 30, 2011 at Medical Battalion Training Site
Researcher:

Please offer any comments on your experience with CricSim and HAPMED. I

want to know what you think about these trainers.
Trainees
Oral Respondent 1: They both were great. We cannot wait to use them.
Oral Respondent 2: 3D technology is neat in CricSim?
Oral Respondent 3: The 3D technology is impressive and offers a good view of the anatomy.
Oral Respondent 4: When will the products be ready?
Oral Respondent 4: When will the next baseline be available?
Oral Respondent 5: Both offer great alternatives to routine classroom training with very little
technology.
Oral Respondent 6: I am accustomed to the use of mannequins. I am comfortable with the
HAPMED since it is mannequin based.
Oral Respondent 7: I like both, but hand technology was awkward at times.
Oral Respondent 8: I like the features in both trainers. Is it possible to use a combination of
both technologies, an interactive screen for performing the cricothyroidotomy? A touch
screen instead of the haptic hands? This will make it more realistic.
Oral Respondent 9: I am accustomed to feel and touch of mannequins. HAPMED more
realistic to mannequin based training.
Oral Respondent 10: This is the first time I have seen products like this. Are there anymore
products that teach the Cric procedure?
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The Cut Suit by Strategic Operations (STOP) and the live actor cric trainer by VRMC
were described.
The trainees expressed interest in seeing these products.
The majority of the students expressed interest in HapMed for the cric procedure and
quickly focused their attention to the tourniquet capability of HapMed.
Oral Respondent 12: Both are great capabilities to augment our training, specifically SSG
Shafner an instructor.
Oral Respondent 13: CRICSIM has come a long way, specifically Capt Bickford.
Oral Respondent 14 and 12: The CRICSIM needs some improvement to cover all of the steps
in the process.
Oral Respondent 15: We are looking forward to using these products.
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APPENDIX K
CRICSIM AND HAPMED OVERALL COMMENTS
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CricSim Overall Comments
This is a very good tool for individuals that have trained this task before, not newly trained
individuals. Putting the Cric Tube was a little awkward and difficult.
Although it seems that the 3D virtual technology was fun and interesting, it was slightly
difficult to use and not very realistic
I liked it.
The haptic sensation of touch lacks appropriate parameters
One must have a good understanding of our procedures and actual equipment used in the
process
3D visualization is a good tool.
It does not provide hands-on simulation sensitivity and needs to be more realistic.
Live tissue labs are always better.
If the computer-based system actually felt like your fingers were touching the patient, it
would be better. You had to hold a pen-like controller to represent your fingers. In addition,
the perspective was off making it difficult to control the scalpel and insert the tube.
Other trainers were not as realistic as the CricSim
Prefer CricSim over other methods
The CricSim was great
CricSim should be updated to reflect exact procedural steps of target audience curriculum.
The sensitivity of scalpel slipping off when trying to use
I was discouraged because it “popped” into place. Many steps were removed in the process.
I will not recommend use.
Although it seems that the 3D virtual technology was fun and interesting, it was slightly
difficult to use and not very realistic.
For cricothryoidotomy, only have one scalpel that use the same as and the other to pick up
the items needed to complete the task.
I think the CricSim is perfect. I enjoyed the training.
If you do not know this skill well, you will not be able to complete the tasks with the CricSim
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trainer. The instructor assistance helped.
The sense of touch and the establishment muscle memory for beginner students and medics.
I would not use the CricSim because it lacks appropriate parameters.
I would not use CricSim because it does not give your hands on simulation. Sensitivity
needs to be more realistic.
I would not use the CricSim
HapMed Overall Comments
No, I will not use HapMed. There was unrealistic skin tape, hard to change the cartilage
piece.
I would not use the HapMed, I thought that it was a neat concept, but not very helpful
The mannequin based training was realistic especially with the touchpad setting and the
patient breathing further adds to the realism of the task.
The HapMed provided great hands on experience.
I thought it was a very neat concept, but not very helpful.
I thought the mannequin based HapMed was very realistic and accurate. Head movement
would have simulated the difficulties of holding the head down and performing the Cric
procedure.
The HapMed is best by far that I have experienced.
The training provided by HapMed training was extremely realistic and the best training aid I
have ever used for a surgical cricothyroidotomy. It is extremely similar to performing a real
life cricothyroidotomy. The HapMed needs to be issued to every medical company, platoon,
battalion and asset in the Army. There is no product on the market to come this close. It is a
great design and easy to use. I am a recipient of the Combat Medical Badge (CMB) and
experienced with this procedure.
If used as a false trainer, it is a good tool in the initial training and training for only that skill.
Unless it is made into a full size so, it want be usable in a full scenario training.
The use of the HapMed was very challenging. It took considerable knowledge to complete
628

task. The difficulty prevented and identified soldiers who are not proficient in this task. An
excellent training aid. A very realistic time line HapMed.
It was difficult to perform, just like the real thing.
While inserting the cric in HapMed, the simulation loses its touch.
Make the neck anatomy as close as possible to the real thing with little more blood from the
incision. The mannequin’s chest should rise and fall accurately according to injury and how
well the intervention was performed.
The HapMed, mannequin based training was realistic, especially with the touchpad setting
and the patient breathing further adds to the realism of the task.
The HapMed system presented to me today was the most realistic I have trained on so far.
As far as the mannequin based trainer (HapMed), recommend to continue to make the actual
cric site as realistic as possible.
Perhaps performing rescue breaths with chest rise and fall
I believe is great for hands on training.
Nothing compared to today’s training.
Great training. I loved the realistic improvement from the inventions.
Improvement of the neck skin is recommended it needs to be closer to real skin
It is recommended that developers utilize equipment that the medics actually carry.
Task trainer for the HapMed is a great training tool.

It does not compare to live tissue

training.
Make sure trachea is more anatomical so it you actually incubate right stem if too deep.
Make all connectors stronger so that they don’t break so early.
Sense of touch and the establishment of muscle memory for beginner students/medics
recommended
Changes should be made to accommodate current standards (ET Tube length and insertion
depth for visual recognition
The mannequin-based system presented today was the most realistic I have trained on so far.
Both the HAPMED and CricSim systems were wonderful too; however some of the students
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believe that the hands-on vs. the 3D would be more beneficial.

Informal interviews were conducted with participants after their experience with both
trainers. The following comments are provided below.

Oral Respondent 1: They both were great. We cannot wait to use them.
Oral Respondent 2: 3D technology is neat in CricSim?
Oral Respondent 3: The 3D technology is impressive and offers a good view of the anatomy.
Oral Respondent 4: When will the products be ready?
Oral Respondent 4: When will the next baseline be available?
Oral Respondent 5: Both offer great alternatives to routine classroom training with very little
technology.
Oral Respondent 6: I am accustomed to the use of mannequins. I am comfortable with the
HAPMED since it is mannequin based.
Oral Respondent 7: I like both, but hand technology was awkward at times.
Oral Respondent 8: I like the features in both trainers. Is it possible to use a combination of
both technologies, an interactive screen for performing the cricothyroidotomy? A touch
screen instead of the haptic hands? This will make it more realistic.
Oral Respondent 9: I am accustomed to feel and touch of mannequins. HAPMED more
realistic to mannequin based training.
Oral Respondent 10: This is the first time I have seen products like this. Are there anymore
products that teach the Cric procedure?
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The Cut Suit by Strategic Operations (STOP) and the live actor cric trainer by VRMC
were described.
The trainees expressed interest in seeing these products.
The majority of the students expressed interest in HapMed for the cric procedure and
quickly focused their attention to the tourniquet capability of HapMed.
Oral Respondent 12: Both are great capabilities to augment our training, specifically SSG
Shafner an instructor.
Oral Respondent 13: CRICSIM has come a long way, specifically Capt Bickford.
Oral Respondent 14 and 12: The CRICSIM needs some improvement to cover all of the steps
in the process.
Oral Respondent 15: We are looking forward to using these products.
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